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^ (54) Title: MEIHODS, DEVICES, ARRAYS AND KITS FOR DElTiCnNG AND ANALYZING BIOMOLECULES 
1^ (57) Abstract: The present disclosure is directed to devices, arrays, kits and methods for detecting biomolecules in a tissue section 



(such as a fresh or archival sample, tissue microarray, or cells harvested by an LCM procedure) or other substantially two-dimensional 



sample (such as an clcctruphorctic gel or cDNA microairay) by creating "carbon copies" of the biomolecules cluted fix)m the sample 
^ and visualizing the biomolecules on the copies using one or more detector molecules (e.g., antibodies or DNA probes) having specific 
afGnity for the biomolecules of interest Specific methods are provided for identifying the pattern of biomolecules (e.g., proteins 
and nucleic acids) in the samples. Other specific methods are provided for the identification and analysis of proteins and other 
Q biological molecules produced by cells and/or tissue, especially human cells and/or tissue. The disclosure also provides a plurality 
^ of differentially prepared and/or processed membranes that can be used in described methods, and which permit the identificadon 
^ and analysis of biomolecules. 
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METHODS, D£ VIC£S» ARRAYS AND KITS 
FOR DETECTING AND ANALYZING BIOMOOICULES 

Reference to Related Applications 

5 This application is a Continuation in Part (CBP) of U.S. Patent Application No. 09/753,574 

(filed January 4, 2001), which is a CIP of U.S. Patent Application No. 09/718,990 (Filed November 
20, 2000), which is a CIP of International Patent Aj^Kcadon No. USOO/20354, filed July 26, 2000 
and published in the English language, and claims the benefit of U.S. Provisional Patent Application 
No. 60/145,613 (filed July 26, 1999). The current application further claims the b^efit of U.S. 
10 ProvisionaIPataitApplicationNos.60/286,258(filedApril25,2001), 60/304,031 (filed July 9, 

2001), and 60/296,475 (filed June 8, 2001). Each of these related plications is inccnpcnated boein 
in tiieir entirety. 

Statement of Government Rights 
15 At least one of tiie inventors is an employee of an agency of the Government of the IMted 

States, and the Government may have certain rights in tiiis inventicm. 

Field of the Disclosure 
The present disclosure is directed to methods, devices, arrays, and kits for identifying and 
20 analyzing large numbers of biomolecules in a sample, such as a biological sample. Hie disclosure 
fiulher relates to usmg these methods^ devices, arrays, and kits to hel^ detomine the Amotion and 
role of biomolecules in disease, and to correlating the presence, absence, or quanthy of a 
combination of biomolecules with particular diseases, prognoses, or responses to tiierz^ies. 

25 Background of the Disclosure 

Now that the 50,000 or so genes that make up the human genome have been sequenced, 

tools are needed to determine when and in what type of tissue those genes are active so as to ascertain 

their fimction and role, particularly in disease. Tliis effort, often referred to as "fimctional genomics** 

and '^roteomics,** is especially important in efforts to discover new dn^ since new pharmaceutical 
30 agents are being designed to target specific enzymes, receptors, and other proteins. Eventually, 

proteomic information will be used in clinical diagnostics to help guide treatment selection in the 

emerging era of '"personalized medicine.'' 

Some believe that &e 1 00,000 human genes may turn out to produce up to a million 

different jHotein variants due to post-translational and other modifications. Within the next decade 
35 the pharmaceutical industry is expected to identify up to 10,000 proteins against which human 

therapeutics can be directed Additional ttierapeutics, gene modifiers, expression modifiers, and 
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valuable biomolecules also are es^petitod to be developed or identified through the extension of 
proteomics to &e analysis of non-human annuals and plants. 

Al&oug}i tiiere may be up to a miUion different protein variants in hmnans» only about 
10»00&-15,000 protems are exfnessed in any particular cell type. Thus, far example, liv^ cells have 
5 essentially the same genome as skm cells takrai from the same individual, but fhe two cell 

populations e^qiress substantially difTerent sets of proteins. It is oftea. desirable, therefore, to profile 
and compare the pattons of proteuis (ie, the "proteome" of a cell) in different cell populations (eg., 
diseased and normal tissue; fetal and mature tissue; hmnan and non-human tissue, etc.) to identify 
targets for drug$. 

1 0 One common approach to establishing or confirming the association of gene activity with 

disease is duoug^ expression analysis. DNA microarrays are used to survey differential esqpression 
patterns of tiiousands of genes from extracts taken from samples of tissues representing various 
diseases. If particular genes are escpiessed in diseased tissue but not in normal tissue they may be 
relevant as diagnostic markers and targets of pharmaceutical mtervention. One disadvantage witii 

1 5 this approach is that the sample bemg tested is disassociated from the tissue from whidi it was 

isolated, thereby losing the ability to obs^e gene expression patterns in the context of die tissue in 
which the genes are active. Since die morphological relationship is not preserved in microairay 
analysis, it is hard to know what component of the sample is responsible for the changes observed in 
gene expression. Also, microairay analysis is usually performed on a homogenized sample of tissue, 

20 making it virtually impossible to ascribe expression to a specific ceU type, let alone a specific celL 
In situ detection and visualization of proteins traditionally has been act ximplished dux>ugh 
inomuno-histodiemistry (UlC), Ihis technique involves the mounting a thin tissue section on tiie 
glass slide and visualizing a protein of interest widi a detectable antibody that has specific binding 
afiOnity for the target proteim Becauseof cotain technical limitations oflHC, only one or two 

25 proteins from a single tissue section can be adiieved. Also, proteins are still onbeddedm die tissue 
and are not presented to die antibodies in the most appropriate way (proteins are not highly 
denatured) lowering die success rate of the antibody reactivity. 

Ihe most widely used method for identifying and measuring protems and nucleic acids that 
have been removed from tissue samples is gel electrophoresis. Electrophoresis generally refers to 

30 techniques for separating or resolving molecules in a mixture under the influence of an applied 

electric field. Separation is based on difference in (usually) the size and/or charge of the molecules. 
Molecules separated by electrophoresis are often visualized by staining widi a non'^)ecific ^e, such 
as Coomassie bhie (for protems) or ^dium bromide (for nucleic adds). Such dye staining does not 
specifically identify mdividual molecules. Furthermore, ubiquitous dtye stainmg is genmUy not very 

35 sensitive. 

More sensitive detection methods exist, such as antibody-based detection for proteuis. In 
particular, unmunoblotting, also known as **Westem blotting,'* is often used to detect gel-separated 
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inoteins. TUstedmiqaeiises detectable an^^ 
ubiquitous stain. A key limitaticm of the technique is its low tiiioug^q^ 
proteins can be identified fiom a single lane of an immunoblot on a single blot» due to o veriqyping 
banding patterns and cross reactivity of antibodies with differ^ Urns, 
5 immunoblotting is typically perfonned using onfy one antibody p^ membrane to ensure specificity. 
Ilioug^ it is possible to strq) and re-probe an immunoblot, strq^ping will also remove 
protein of the sample diat had been bound to the membrane, dius encumbering quantitative analysis 
of the sample. Moreover, the proportion of each mdividual protein removed fiom the membrane by 
sudi treatment will vary depending upon the nature of the protein, whidi further clouds efforts to 

10 quantitate the relative amounts of protein initially present in the sample. Hi^ remains a clear need 
to develop blotting techniques that permit larger numbers of antigens to be detected shnuhaneously 
from a single test sample. 

It would be desuable to have hig^-throughput approaches for detecting, identifying and 
comparing large numbers of biomarkers that is relatively ine}q>ensive, can be used by ordinary 

1 5 laboratory personnel, and readily permits the capture, organization, and analysis of the data generated 
ftereby. 

Summary of the Disclosure 
The present disclosure is directed to devices and methods for detecting biomolecules in a 

20 substantially two-dimensional sample (e.g. , tissue section, tissue array, electrophoretic gel, and so 
forth) by creating substantial copies of the biomolecules eluted fiom the sample. Hie biomolecules 
dien can be visualized on die copies using detectors, for example antibodies or DNA probes, having 
specific afGnity for flie biomolecules of interest 

Hie present disclosure is further directed to methods and devices for identifying die pattern 

25 of bicnnolecules (eg:, proteins and nucleic acids) esxprcssed in tissue samples, and for correlating the 
eiqiiression pattern with, for instance, various diseases, prognoses, or responses to dierapies. 

Provided hmin are methods of detectmg biomolecules in a sample, which methods involve 
providing a stack of at least two layered membranes; applying the sample to the stadc undCT 
conditions diat permit movement of die biomolecules through multiple layered membranes of the 

30 stack, and allow capturo of at least a portion of the biomolecules on the membranes, and detecting the 
biomolecules on one or more of the multiple membranes. In specific examples of such methods, die 
biomolecules are captured directly by the membranes. Certain membranes for use in such methods 
have a hig^ affinity but low capacity for biomolecules, for instances proteins, nucleic acids, lipids, 
carbohydrates, or CQmbmations thereof 

35 Another embodimmit of die disclosure is a method of making multq)le substantial copies 

(which need not be id^tical) of a biological sample. These methods involve providing a stack of 
layered membranes, wherein the membranes permit biomolecules affiled to the stadc to move 
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Ihiougli a phnaHty of die memtaranes, while capturing (for instance, directly) at least a portion of die 
biomolecules on mult^le membnuies and implying die biological sample to the stack, under 
conditions that allow die multqile membranes to capture at least aportion of the biomolecules fixim 
die sample. Hiis forms the mnltqple substantial copies of die biological sample. 
5 Samples for use in examples of provided mediods are (or can be made) substantially two- 

dimensional; rqirese n tative non-limiting types of samples include tissue sections, tissue microarrays, 
tissue macroair^ laser cai^ire microdissected tissue samples, and electrophoretic gels (eg., 1-D or 
2-D electrophoretic gels). 

Yet a further embodiment is a method of creating a set of microanay copies, which method 
10 involves providing a stack of layered membranes, and applying a plurality of molecules (eg., DNA 
probes, antibodies, or a combination thereof), to the stack of layered membranes. In examples of 
such methods, the stadc of kQrered membranes includes a plurality of substrates through whidi the 
molecules move, and in which a portion of the molecules are directly captured by one or more of die . 
substrates. 

15 Anodier specific embodiment is a mediod of analyzmg biomolecules in a tissue sample, 

which mediod involves providing at least one membrane (in some embodiments, a plurality of 
membranes), positioning the at least one (or more) membrane in contact widi the tissue sample, and 
applying heat and/or pressure to the tissue sample, whereupon biomolecules are transferred from the 
tissue sample onto the at least one membrane (referred to generally as contact transfer). One or more 

20 of the biomolecules can then be analyzed on the at least one membrane. 

Another example of a provided method is a method of replicating biomolecular content of a 
tissue array (sudi as a micro- or macroarray), which mediod involves providing the tissue array and 
transfming biomolecules from the tissue array onto a phirality of memtones so as to produce at 
least (me replicate of the biomolecular content of the tissue array. 

25 Hie disclosure also provides a method of anafyzing cellular material embedded on an LCM 

transfo fihn, which mediod involves providing one or more membranes, positioning the one or more 
memtones adjacent to die LCM transfer film, transferring biomolecules fix>m the cellular material to 
die one or more mmbranes, and detecting the biomolecules on die membranes. 

Further encompassed methods include methods for analyzing the proteome of a biological 

30 sample. Examples of such methods involve separating at least one protein from another protein 
present in the biological sample, transferring a portion of the separated protein to a plurality of 
membranes in a stacked configuration, incubating each of die membranes in the presence of one or 
more different species of predetermined ligand molecules (or detector molecules) under conditions 
sufficient to permit binding between the separated protem and a ligand/detector capable of binding to 

35 such protein; and analyzing the proteome by determining die occurrence of binding between the 
protein and any of the species of predetmnined ligand molecules. 

A further embodiment is a mediod for identifying biomolecules that have been separated on 



wo 02/48674 PCTAJS0iy44009 



-5. 



asolidsiqyport(eg:,a l-Dor2>Dg€0. Sach methods involve providing a solid support containhig 
Ihe separated biomolecules, i?^ierein the support has an upper side and a lower side, applymg a first 
stadc of membranes to Ihe iqyper side and a second stack of membranes to tiie lower side, pennitting 
tiie biomolecules to be transfened from the support to tiie first and second membrane stadcs» and 
5 separating the membranes. The transferred biomolecules can then be detected, identified, or 
otherwise analyzed on at least one of the monbranes. 

The disclosure also provides kits. &camples of kits include a membrane array for detecting 
biomolecules in a sample, and one or more containers of detector molecules for detecting molecules 
captured on mranbranes of the am^. Arrays included in sudi kits contain a plurality of membranes, 
10 each of which has substantially a same affinity for biomolecules that may be analyzsed using the kit 

Anolh^ kit embodiment is a kit for comparing the molecular profiles of tissue samples. 
Such kits contain at least one tissue miooarmy, and at least one replicate of the tissue microarr^. 
Replicates contained in such lots may be made, for instance, using methods described hoein. 

Also provided are kits for replicatmg a pattern of biomolecules from a tissue sample, which 
15 kits include a plurality of membranes, each having a coating on its upper and/or lower surfitces to 
increase specific binding of a target biomolecule, a quantity of transfer buffer, and a fiuid impervious 
enclosure (for instance, a heat-sealable bag). 

Another example of a described kit is a kit for analyzing a proteome, which kit contains a 
plurality of membranes, each having a afGnity for at least one protein, and a plurality of reagent 
20 species (such as detector molecules, particularly labeled detectors), each species is adapted to detect 
one or more specific proteins bound to the membranes. 

Fturdier embodiments are membranes unit for use in blotting, which unit includes a stack of 
at least two porous membranes (examples of which have a tiiidkness no greats than about 3 0 
microns), and a frame, mounted to die membranes, which has a ttdckness no greater than about 300 
25 microns. 

Also provided are porous membranes haviiig a high affinity but low capacity for 
biomolecules. Examples of such membranes include a core substrate and a coating, and generally are 
no more dian about 30 microns thick. Specific examples of such membranes contain polycarbonate 
m the core substrate and nitrocellulose in the coating. 

30 

The foregoing and oth«r advantages and features wiU become hereinafter dspparesity and may 
be more clearly understood by reference to die following detailed descr^tion, the appended claims, 
and the several views illustrated in the drawings. 



35 
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Brief Description of the Drawings 
FIG. lis a perspective view of a membrane anay^sbowntransfeimgm 
tissue section using widdng transfer. 

FIG. 2A is an oblique view of an q)paratus shown transferring molecules firom a tissue 
5 section onto a membrane stadc FIG. 2B is a front view ofan assembled contact transfer stadc, 
prepared for transfer in the apparatus ilhistrated in FIG. 2A. 

FIG. 3 is a photograph of a typical tissue microarray on a slide. 
FIG. 4A is a sdiematic iUustration showing &e componoits of a kit according to one 
embodiment FIG. 4B is a perspective view of a membrane stack. 
10 FIG. 5 is a schematic illustration showing a method according to one provided gel>transfer 

embodiment. 

FIG. 6 is a sectional view of a stack of m^branes shown operatively engaged with an 
apparatus to transfer proteins from a gel onto the membranes. 

FIG. 7A is a perspective view ofa typical prior art LCM instrument FIG 7B is an enlarged 
IS perspective view ofanL£M esq) shown engaged with a glass sHde via a transp^ FIGS.7Cand 
7D are side elevation views showing the transfer of cellular material from a tissue section on a glass 
slide to an LCM cap, 

FIG. 8 is a longitudinal section view of one embodiment, in which LCM samples have been 
prepared for transfer through a membrane stack. 
20 FIG. 9 is perspective view of one LCM transfer embodiment, shown in use and operation. 

FIG. lOA is a side elevation view of a modified LCM cap according to provided 
embodhnents. FIG. lOB is a section view taken along line B-B of FIG. 4A. 

FIG. 11 is a perspective view ofa transfer ani^ shown in use witii a mimtrter plate. 

FIG. 12 is a longitudinal sectional view of an individual membrane according to one 
25 provided embodiment 

FIG. 13 is a schematic drawing, illustrating direct ciq>ture. 

FIG. 14 is a schematic drawing, illustiating indirect capture. 

FIG. 1 5 is a schematic illustration showing a method according to another gel^ransfer 
embodiment 

30 FIG. 16 is a perspective view of a representative framed membrane stack. 

FIG. 17 is a fix)nt elevation view of a single framed membrane. 
PIG. 18 is a sectional view of die single membrane taken along line 115-115 of FIG. 17. 
FIG. 19 is a sdiCTiatic iUustration showing a hypotiietical example illustrating the metiiod of 
creating the antibody codktails. The Gel (A) shows proteins as detected by CoomassieBhie staining 
35 prior to transfer. Membrane -Lay^ #1 (B), Membrane -4^yer #2 (C), and Membrane -Layer #3 (C) 
show proteins detected on membranes witii antibodies. 
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FIG. 20 is a schematic ilhistration shoiving tiie compcmeiits of a kit according to one 
embodiment 

FIG. 21 is an oblique view ofapiessuielieato apparatus. 

FIG. 22 is a longitudinal section view of a stack of manbranes shown with ^yparatus to 
5 transfer proteins from* a gel onto flie membranes. 

FIG. 23 is a schematic illustration of one embodiment in use and opmdon, showing the 
transfer of proteins fix>m a gel to the membrane stack so as to oreate multiple replicates of the protein 
content of the geL 

FIG. 24 is a sectional view of a stack of membranes shown opoativety eng^ed with an 
10 s^paratus to transfer proteins from a gel onto the membranes. 

FIG. 25 is a sdiematic illustration showing a comparison between a template image witib a 
sample monbrane. 

FIG. 26 is a schematic illustration comparing the binding capacity of membranes 
constructed of nitrocellulose and polycaibonate, botii coated and uncoated. FIG. 26A shows scanned 
15 iinages of the membranes incubated in protein comparing the intensity of signal FIG. 26B is a chart 
plotting the amount of protein bound to different membrane materials. 

FIG 27 shows images of tissue sections that show that portions of total biomolecules can be 
successfully transferred through a stack of polycarbonate (PC) layers onto the trap. FIG. 27A shows 
transfer through polycarbonate membranes. FIG. 27B shows transfer through polycarbonate coated 
20 with nitrocellulose. FIG. 27C shows transfer through polycarbonate coated with poly-L-lysine 
. membranes. 

FIG. 28 is a series of images showing nnmunodetection of dififmnt proteins from two 
regions 0iealdiy and cancmus) of a breast tissue using the monbrane array. 

FIG. 29 is a series of photogn^hs of four membrane replicates of a tissue microanay. The 
25 top row shows total protein staining of the replicates with a ubiquitous stain; the bottom row shows 
immunodetection of two specific proteins^ kmtin and prostate specific antigra (PSA). 

FIG. 30 is a series of photographs showing a tissue microanBy before transfer (stained with 
hematoxylm and eosin (H&E)) and four replicates thereof immunodetected with antibodies to four 
different proteins (keratin, PSA, p53, and p300) as indicated. 
30 FIG. 3 1 is a series of photographs showing total proteins cq)tured on the membranes (first 

column) and immunodetection of cytokeratin (second cohnnn). 

FIG. 32 is a photograi^ of unages of the membranes witii biotinylated protein bound to 
tiiem. Proteins were separated by 1-D PAGE, transferred tiurough tiie membrane stack and visualized 
with streptavidin-alkaline phosphatase complex (strep-AP) and enhanced chemiluminescence 
35 (ECL)reagent 

FIG. 33 is a photograph of hnages of the membranes witii Rsk and p300 protems bound to 
tiiem. Protein separation and blotting was performed as stated in FIG.15. 
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FIG. 34 is a photogr^h of images of tlie membranes with GAPDH, Alph^-tubulin and Bebh 
actin bound to tiiem. Fkoteins were separated by 2-DPAG£^transfened11iro 
and visualized willi primaiy-secondaiy antibody-alkaline phosphatase 
con^lex and ECL reagent 
5 FIG. 35 is a photograph of images of the membranes with protem or DNA attached to than 

and a digram ^ explsans ^e relationshq) bc^een difforrat protein-DNA complexes and fbsa 
position in &e geL 

FIG. 36 is line graph showing the relationship between protein loading on the gel, protein 
size, and imiformity of transfer to the membranes. 
1 0 FIG. 37 is a photograph showing differential expression of gel-separated proteins from tiiree 

cell samples (Jmlcat, HN12, and SW480) blotted onto a seven-layer stade of membranes. 

FIG. 38 is a photogr^h showing difi^arential expression of gel-separated proteins £rom four 
cell samples blotted onto a ten-layer stack of membranes. The iqjper row (marked *Total Staming^ 
shows die membranes stained ubiquitously with a dye. Hie bottom row (marked "ECL**) shows tiie 
1 5 membranes probed widi the indicated antibodies. 

FIG. 39 is a photograph showing distribution of total protein transferred by a method 
provided herein. 

Brief Description of the Sequence Listing 
20 S£Q ID NO: 1 shows the nucleic acid sequence of a 43-residue synthetic hybridization 

oligonucleotide. 

Detailed Description of the Disclosure 
/. Explanation of Certain Terms 
25 ^Addressable" ref^ to tiiat which is equable of being reliab^ and consistent^ located and 

identified, as in an addressable location on an array (Hra gel. 

"AfGnity" means die chemical attraction or force between molecules. 
"Antibody cocktails" means mixtures of between two to about 100 difTerent detector 
antibodies. 

30 "Array" means two or more. 

"Biological sample" means any solid or fhiid sample obtained from, excreted by or secreted 
by a living organism (including microorganisms, plants, animals, and humans). 

"Biomolecules" are molecules typically produced by living organisms including pqitides, 
proteins, glycoproteins, nucleic acids, fatty acids, and carbohydrates. 
35 "Capacity" means the ability to receive, hold, or absoib biomolecules from die sample. 

"Captor" means a molecule, such as an antibody or DNA probe, diat is anchored to a 
membrane and has an afBnity (such as a specific affinity) for one of the biomolecules. 
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biomolecule is not directly conjugated to Ifae membrane. 

'"cDNA" refers to a DNA moleoile laddng internal, non-coding segments Qntrons) and 
regulatory sequoiceswMch determine transaction. cDNA may be syndiesized in the laboratory by 
reverse transcription from messenger RNA extracted from cells. 
5 *H^unter-ligand staining" is int^ided to refer to any detection tedmique that detects the 

presence of ligand tbat is not bound to a protein of die biological sample, and dius reveals (as, for 
example, by an absence of staining, etc.) the presence of ligand that is bound to a protein of the 
biological sample 

''Detector^ means a molecule, such as an antibody or DNA probe, that is free in solution 

10 (/.& not anchored to a membrane) and has an afiSnity for one of the sample components. 

*TOrect capture" means die conjugation or binding of a biomolecule directly onto the 
surfece of the membrane without the aid of a captor antibody or die like. 

DNA" is a long chain polymer that contains the genetic material of most livmg organisms 
(the genes of some viruses are made of ribonucleic acid (RNA)). The repeating units in DNA 

IS polymers are four differmt nucleotides, each of which includes one of the four bases (adsiine, 

guanine, cytosine and thymine) bound to a deoxyribose sugar to which a phosphate group is attached. 
Triplets of nucleotides (referred to as codons) code for each amino acid in a polypeptide, or for a 
stop signal. The term "codon" is also used for the corresponding (and complementary) sequences of 
three nucleotides in the mRNA into whidi the DNA sequence is transcribed. 

20 '"EST" (Expressed Sequence Tag) is a partial DNA or cDNA sequence, typically of between 

500 and 2000 sequential nucleotides^ obtained from a genomic or cDNA library, prepared from a 
selected cell, cell type, tissue or tissue type, organ or organism, which corresponds to an mRNA of a 
gene found in that library. An EST is generally a DNA molecule sequenced frcmi and shorter than 
the cDNA from i;^ch it is obtained. 

25 Thiorophore" refers to a chemical compound, \Wiich when excited by e3q>osure to a 

particular wavelength of light, emits light (Le., fluoresces), for ocample at a differoit wavelragdu 
Fluorophores can be described in terms of their emission profile, or ''color." Green fluorophores, for 
example Cy3, FTTC, and Oregon Green, are characterized by their emission at wavelengttis generally 
in the range of 515-540 X. Red fluorophores, for example Texas Red, Cy5 and 

30 tetrametfayhhodamine, are characterized by their emission at wavelengths graierally m the range of 
590-690 X. 

Examples of fluorophores that may be used are provided m U.S. Patent No. 5,866366 to 
Nazarenko ^ aL, and include for instance: 4-ace1ainido-4'-isothiocyanatosti]bene-2,2*disulfoiuc acid, 
acridine and dmvatives such as aoidine and acridine isodiiocyanate, 5-^ - 
35 aminoethyl)aminonaph1halene-] -sulfimic acid (EDANS), 4-amino-N-[3- 

vinylsulfonyl)phenyl]naphdudmiide-3,5 disulfenate OLucifer Yellow VSX N-(4-anilino-l- 
naphthy])maleiniide, anthranilamide. Brilliant Yellow, coumarin and derivatives such as coumarin, 7- 



wo 02/48674 



PCT/USO]y44009 



-10- 

amincM-inetfaylcoumarm (AMC» Coumarin 120), 7-«mmo-4-trifhum>me1hylcouluari& (ComnaFan 
151); (^osm^ 4\6-diamiiiidino-2-phenylmdole (DAPI); 5*» S"Hlibroi]iopyrogallol-sii]fQiiq)h&alem 
(Bromopyrogallol Red); 7-Klietiiy]a]iimo*3-<4 -isotfaiocyanatiq^enyl)^ 
dietfaylen^riamine pentaacetate; 4,4 -diisothioGyanalodihydn>-stObene-2^'-4is^^ acid; 4,4 - 
5 di]soMo^aiiatostiIbene-2,2'-disulfoiiic acid; 5-[dimelfaylamniolnaphtha1ene- 1 -sulfonyl diloride 
(DNS, dansyl chloride); 4-(4*-dime<hylamihophciiylazo)ben2oic acid (DABCYL); 4- 
dimethylaminoph^ylazophenyM -iso^ocyanate (DABITC); eosin and derivatives such as eosin 
and eosin isotfaiocyanate; erythrosin and derivatives such as erythrosin B and erytibrosin 
isothiocyanate; ethidium; fluorescein and derivatives such as 5-carboxyfluorescein (FAM), 5-{4,6- 

10 dichlorotriazni-2-yl)aniinofiuorescein (DTAF), 27'Klimedioxy-4*5'-dichlon>-6-carboxyfhiorescein 
(JOE), fluorescein, fluorescein isothiocyanate (FTTC), and QFTTC (XRITQ; fluorescamine; IR144; 
IR1446; Malachite Gre^ tsoHiiocyaiiate; 4-methyhimbellifaone; ortfao cresolphthalein; 
nitrotyrosine; pararosaniline; Phenol Red; B^hycoeiytfarin; o-phthaldialdehyde; pyrae and 
derivatives such as pyrene, pyrene butyrate and succinimidtyl 1-pyrene butyrate; Reactive Red 4 

15 (Cibacron .RTM Brilliant Red 3B-A); ifaodamine and derivatives such as 6-carix»Qr-X-rtiodamine 
(ROX), 6-caiboxyiliodanune (R6G), lissamine riiodamine B sulfonyl chloride, rhodamine (Rhod), 
rhodamine B, riiodamine 123, rhodamine X isothiocyanate, sulforhodamine B, sulforhodamine 101 
and sulfonyl chloride derivative x)fsuIforiiodamine 101 (Texas Red); NJ^,N',N'-tetramelhyI-6- 
carboxyrhodamine (TAMRA); tetramethyl ±odamine; tetramethyl rhodamine isothiocyanate 

20 (TRTFC); riboflavin; rosolic acid and terbium chelate derivatives. 

Other suitable fluorophores mchide GFP (green fluorescent protem), Lissamine™, 
diettiylaminocoumarin, fluoresceia chlorotriazmyl, naphtfaofluorescein, 4,7-dichlororhodamine and 
xanttiene and derivatives thereof. Other fiuoroidiores known to ^ose skilled m tide art niayals^ 
used. 

25 "High througliput genomics" refers to application of genomic or genetic data or analysis 

techniques that use microarrays or other genomic tedmologies to nqpidly id^itify large numbers of 
genes or proteins, or distinguish tfieir structure, expression, or function from normal or abnormal 
cells or tissues. 

"Hybridization" refers to an interaction between nucleic acid molecules Ibat are 
30 complementary to each other. Hybridization is based on hydrogen bonding, which includes Watson- 
Crick, Hoogsteen or reversed Hoogsteen hydrogen bonding between complementary nucleotide 
imits. For example, adenine and thymine are complementary nucleobases that pair through formation 
of hydrogen bonds. *^mplementaiy" xefm to sequence complementari^ between two nucleotide 
units. For example, if a nucleotide unit at a certain position of an oligonucleotide is c^iable of 
35 hydrogen bonding witfi a nucleotide unit at the same position of a DNA or RNA molecule, dien the 
oligonucleotides are complementary to eaxh oflier at that position. The oligonucleotide and the DNA 
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RNA are complementsiy to eadi other when a sufficient number of coneqxmdjng positions in 
eadi molecule are occupied by nucleotide units which can hydrogen bond widi eadi o&er. 

"Specifically hybridizable" and "conqilementai/' are tenns diat indicate a sufficient degree 
of compleme n tar ity sudi that stable and specific binding occurs between the oligonucleotide and the 
5 DNA or RNA target An oligonucleotide need not be 100% complonaitaiy to its taiget DNA 
sequence to be specifically hybridizable. 

Hybridization conditions resulting in particular degrees of stringency wiH vary depending 
upon the nature of &e hybridization m^od of choice and the composition and leng& of die 
hybridizing DNA used. Generally, the temperature of hybridization and the ionic strengdi (especially 
10 the Na:^ concentration) of the hybridization buffer will determine die stringency of hybridization. 
Calculations regarding hybridization conditions required for attaining particular degrees of 
stringency are discussed by Sambrook et aL Molecular Cloning: A Laboratory Manual^ Cold Spring 
Haibor Laboratory Press (1989), chapters 9 and 1 1, herem incorporated by reference 

"Indirect capture" means the conjugation or binding of a biomolecule onto a captor antibody 
15 or the like which in turn is bound to die sur&ce of die membrane. Ihus^ widimdhectc^turethe 
biomolecule is not directly conjugated to die membrane. 

"identical'' means having substantially die same afGnity for biomolecules. 
''Laber* refers to detectable markers or reporter molecules, which can be attached for 
instance to a specific biomolecule (eg., a protein or nucleic acid). Typical labels include 
20 fluorophores, radioactive isotopes, ligands, chemiluminescent agents, metal sols and colloids, and 
enzymes. Mediods for labeling and guidance in the choice of labels useful for various purposes are 
discussed, eg., in Sambrook etaL/m Molecular Cloning: A Laboratory Manual^ Cold Spring Harbor 
Laboratory Press (1989) and Ausubel etal^m Current Protocols in Molecular Biology^ Greene 
Publishing Associates and Wiley-Intersciences (1987). 
25 "Nucleic acidT* refers to a deosqvibonucleotide or ribonucleotide polymer in ei&er single or 

double stranded forni, and unless odierwise limited, and encompasses known analo^^ 
nucleotides that hybridize to nucleic adds in a manner similar to naturally occurring nucleotides. 

'^Membrane" means a thin sheet of natural or syndietic material diat is porous or otherwise 
at least partially permeable to biomolecules. 
30 ''Microarra/' is an array diat is miniaturized so as to require microscopic examination for 

visual evaluation. 

"Polypeptide" means any chain of amino acids, regardless of length or post-translational 
modification (eg., glycosylation or phosphoiylation). 

"Proteomics" means die identification or analysis of aproteome. A proteome is the group 
35 of protems expressed and/or present in a biological sample. 
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^'Sample'* means a material Hiat contams biomolecules including tissue^ gels, bodily fluids^ 
and individual cells in suspensions or in pelle^ as-well as mataials in containers of biomolecules 



'^tacl^ refcfs to adjacent substrates^ whetber oriented borizontalty, vertically, at an angle, 
5 or in some otber direction. Ibe substrates (&^, membranes) may be spaced or toudiing, for example 
contiguous. 

"'Subject^ refi^ to livings muMceUular vertebrate organisms, a category tiiat includes both 
buman and veterinary subjects for example, mammals, birds, and more particularly primates. 

10 II. Genera! Description of Several Embodimenis 

Particular embodiments are especially useful in coimection widi archival tissue samples tiiat 
have been fixed and embedded, for instance in paralQ&i. Whole tissue sections, tissue macroarrays, 
and arrays of minute tissue sections, eg., in &e format of a tissue microairay, all may be analyzed 
according to the disclosed methods, as can otiier samples from which biomolecules are to be detected 

IS (eg., gels produced from 1- or 2-D separation of proteins or nucleic acids). Tlie biomolecules on tibie 
copies can be visualized using detector molecules Cpitsbe^, for example antibodies, lectins, or 
DNA hybridization probes, having specific afGnity for the biomolecule(s) of interest 

Specific embodiments provided herein include direct layered expression scanning 
techniques, which utilize a stadc of "^lank" membranes that are not specific for any particular target 

20 molecule. Instead, all (or a subset, e.g. , proteins or nucleic acid) biomolecules in a sample 

ubiquitously bind to such membranes so as to give the user the flexibility of detecting a wide variety 
of biomolecules in an open format 

Tliin membranes in a stacked or layered configuration are s^plied to the sample, such as a 
tissue section, or protein or nucleic acid gel, and reagents and reaction conditions are provided so that 

25 at least a portion of the biomolecules are eluted from the sample and transferred onto a phnalify of 
die stacked membranes. This produces multiple substantial rq>licas of the biomolecukur content of 
die sample. Ihe resultant loaded (treated) membranes (or layers) are then separated Each 
membrane may be incubated with one or more different detectors (for example antibodies) specific 
for a particular biomolecule (such as a protein) of interest Ihe detectors employed are labeled or 

30 otherwise detectable using any of a variety of techniques, for instance chemiluminescence. 

In an example in which proteins are detected, each membrane has essentially the same 
pattern of proteins bound to it, but different combinations of proteins are made visible (detectable) on 
each membrane due to die particular detectors (e,g. , antibodies) selected to be allied. For example, 
one memlnane layer may display proteins involved in progranuned cell death (^xyptosis) while an 

35 adjacent layer may display en^mes involved m cell division sudi as tyrosine kinases. 

In addition to proteins, nucleic acids may be targeted by using labeled DNA probes as 
detectors m lieu of antibodies. Moreover, different types of target biomolecules may be detected in 
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diffeiesDt layers. For example, bo& protein and imcleic add ta^ 

appfying protem-specific detectors (eg., antibodies) and nucleic acid detectors (ag:, hybridization 
probes) to different layers of die anay. 

According to certain mettiods of the present disclosure^ a sample from which biological 
5 molecules are to be transferred (eg. , a tissue section or gel) is positioned in contact with a face of a 
stadc of membranes and both ^e sample and stack (an assembled ''contact transf^ stacl^O are placed 
inside a fluid impervious enclosure such as a plastic bag or the like. In certain enbodimoits, the 
sample is supported by a substantially fhiid impervious support, such as a glass slide; in these 
embodimeots, tiie stack of membranes is placed on the other side of the sample. In other 

10 embodiments, tiie sample from which biomolecules are to be transferred is not siq>poited by an 

impervious support, and the sample is placed between members of the membrane stack, such that one 
or more membranes is placed adjacent to each of two feces of the sample. 

Also within the ^closure is a liquid transfer reagent Heat and/or pressure are applied to the 
contents of the ^closure (from one or bodi sides) so as to pormit proteins and otfa^ molecules to be 

IS transferred fix>m the sample to the membrane stack. This produces multiple copies or replicas of the 
biomoleodar content of the tissue sample. Ibe processed membranes (or layers) then may be 
separated and incubated with one or more different probes (eg, nucleic acid hybridization probes or 
antibodies) specific for particular targets of interest The probes employed are labeled or otherwise 
detectable using any of a variety of techniques such as chemilmninescence. 

20 While each membrane has essentially the same pattern of biomolecules (mcluding proteins 

and/or nucleic acids) bound to it, difiTerent combinations of such biomolecules are made visible on 
each membrane due to die particular probes or antibodies selected to be q>plied. For example, one 
membrane layer may be used to detect proteins involved in programmed cell death (qmptosis), while 
an adjacent layer m^ be used in detecting enzymes mvolved in ceU division, such as tyrosme 

25 kinases. In addition to proteins, nucleic acids may be targeted by using labeled DNA probes in lieu 
of antibodies. Moreover, both protein and nucleic acid targets can be detected m parallel by applymg 
both antibodies and probes to different laym of the air^ of membranes to which the biomolecules 
have been transferred. 

In one embodim^t, the disclosed methods may be used for a side-by-side comparison of the 
30 protein expression patterns in difTerent archival tissue samples, for instance from patients with 
different diseases, disease outcomes, or responses to therapies. Thus, for example, where patient 
response to a particular drug can be correlated to a specific protein expression pattern from the 
diseased organ this provides a useful tool for predicting whether future patients likely will benefit or 
be banned by tiiat drug. 

35 Advantageously, provided mediods may be used to screen archival tissue, which is usualfy 

formalin fixed and paraffin mbedded. Provided methods may also be used for examination of 
proteins that caimot be detected widi antibodies in situ but can be detected after die protein has been 



wo 2004/013607 



PCTAJS2003/024225 



13 

about 8 to about 10 microns. The pore size of the substrate should preferably be between about 0.1 to 
about S.O microns, most preferably about 0.4 microns. Another advantage of using a thin membrane 
is that is lessens the phenomenon of lateral diffusion. The thicker the overall stack, the wider the 
difEusion of biomolecules moving through tiie stack. A thicker membrane could be employed with 

5 binding sites blocked to reduce its biomolecule-binding capacity. 

The membrane substrate preferably includes a coating on one or both surfaces to increase its 
ability to bind proteins or other biomolecules. The coating is preferably nitrocellulose but other 
materials such as poly-L-lysine may also be employed. Before being applied to a membrane, the 
nitrocellulose is dissolved in methanol or other appropriate solvent(s) in concentration from about 

10 0.1% to about 1 .0%. In lieu of coating, nitrocellulose, or other materials with an affinity for proteins, 
can be mbced with the polycarbonate before the substrate is formed thereby providing an uncoated 
substrate having all of the desired characteristics of the membrane. Dip coating is preferred although 
alternative coating methods known in the art may be used in lieu of dip coating, including lamination 
and spraying. In all instances it should be understood that only one sur&ce (ie., the sur&ce that feces 

15 the sample) need be coated instead of botii. 

The substrates are preferably 'liadc-etched membranes'* (a/k/a '^screen membranes'^, which 
are formed by a process that creates well-defined pores by exposing a dense ff hn to ionizing radiation 
forming damage tracks. This is followed by etching of the damaged tracks into pores by a strong 
alkaline solution. A description of this process may be found on the IntOTiet site of G.E. Osmonics 

20 (Minnetonka, Minnesota) under the headmg **Basic Principles of Microfiltration." Examples of 
membranes that may be employed as the substrate include the Isopore™ (polycarbonate film) 
membrane available from Millipore (Bedford, Massachusetts), tiie Poretics<8> Polycarbonate or 
Polyester membranes available from Osmonics (Minnetonka, Minnesota) or the Cyclopore™ 
Polycarbonate or Polyester membranes available from Whatman (Clifton, New Jersey). 

25 To increase the surfece area of the aforementioned track-etched membranes, which have a 

very smooth, fiat surface, the coating might include a fiber or other material to give it a rougher 
texture. Alternatively, the surfiace area could be scratched or rubbed with an abrasive to increase the 
surface area available for binding. 

In lieu of a track-etched membrane a tortuous pore membrane may be employed provided its 

30 capacity can be rendered low enough to permit a stack of tfiree or more such membranes to be used 
according to tti& methods disclosed herein. This could be accomplished, for example, by casting the 
membrane very thin, fer thinner that the thickness of depth membranes conventionally employed (i.e., 
150 |un). Alternatively, blocking certain binding sites could lower the capacity of conventional depth 
membranes. 

35 In an alternative embodiment each membrane may be coated with an antibody or other 

capture molecule having an affinity to a particular target in the manner set forth in 
UPCT/US00y20354, which is incorporated herein in its entirety. 

In order to provide structural rigidity to membranes so that they may be separated from one 
another and individually processed, frames in some embodiments are mounted to the membranes. 
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transfered onto a memfarane. FuillieiinorB, provided methods enable tbe quantitative analysis of 
taigets in tissue, for example, tiie quantification of cell sur&ce receptor density on malignant cells. 

Beneficially, the methods, device, arrays, and kits provided herein can be used with laser 
capture microdissected samples, permitting molecular analysis of tissue without protein or nucleic 
5 acid purification as a prerequisite. These embodiments retain Ihe two-dimensional relationship of 
distinct cell populations within the same tissue section so as to preserve the spatial relationships 
between the dissected cells and pennit different ceU types to be processed and analy^ 

Thus, methods are provided for detecting biomolecules in a sample collected by LCM, by 
eluting the biomolecules away from the microdissected sample and binding them to one or more 
10 membranes in a layered or stacked configuration, then visualizing the biomolecules on the 
membranes. 

In examples of such methods, celhilar samples embedded in/on an LCM transfer fifan (or die 
like) are positioned adjacent to a stack of one or more memtones, and reagents and reaction 
conditions are j^ovided so tiiat the biomolecules are elated from the cellular sample and transferred 
15 onto the membrane(s). Biomolecules on the membrane then can be detected and visualized using 

detector molecules (e,g,, antibodies or DNA probes) having specific affinity for the biomolecule(s) of 
interest. 

Also provided are methods for identifying and analyzing biomolecules that have been 
resolved via electrophoretic, chromatogr^hic, or fractionating means. Examples of such methods 
20 are sensitive enough to detect proteins in low abundance, yet able to detect large numbers of proteins 
in a high-throughput manner preferably without requiring expensive and sophisticated laboratory 
equ^ment. 

Thus, according to one aspect of a method of the present disclosure, biomolecules (e.g., 
proteins or nucleic acids) that have been electrophoretically separated on a gel are transferred fi^ 

25 the gel onto a stadL of membranes. Li certain examples, tiiese membranes are constructed and/or 
chemically treated to have a high afGnity but low capacity for the biomolecules. This allows tiie 
creation multiple rqilicates of die molecular contrait of the gel. Afier transfer, the membranes are 
separated and eadi is incubated with a one or a unique mixture (also referred to as a "cocktail**) of 
detectors (eg., antibodies specific for a particular subset of proteins, nucleic acid probes, etc). Tlius, 

30 while each membrane has essentially the same pattern of biomolecules bound to it, different 

combinations are made visible on each membrane due to the particular detector (or set of detectors) 
selected to corresponds to the particular layer. In specific examples, the detector cocktail is an 
antibody cocktail that has been carefiilly formulated so that no two antibodies in a coddail bind 
overlappmg or adjacent protein spots. Thus, protein spots that are too close together to be 

3 5 discriminated on a single membrane are detected on separate monbranes according to the inventive 
method herein. 
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Accoiding to certain disclosed meti[iods» proteins that have been separated (ei&er by in siiu 
syndiesis^ electrophoretically, duomatographically, etc.) on a gel, tissue or o&er siq)port are 
transferred firom the gel/support onto the membrane stack to allow the creation of multiple rqplicates 
or imprints of &6 protein content of tiie gel/svqypoxt With regard to gels, the amount of protein 

5 loaded into the wells is greater than the amount conventionally loaded so as to permit a more even 
and unifo rm distribution of the proteins throu^out tiie stac^ 

Since antibodies can be used to detect many post-translational protein modification (&g. 
phosphorylation), certam exanq}les of disclosed methods can be employed to identify or analyze 
protein function as well as structure. In addition to 2-D gels, described mediods can be used for one- 

10 dimensional gels such as the identification of transoiption factors separated by a gel-shift asss^. 

In detail, one specific embodiment is amediod of analyzing the proteome of abiological 
sample. Sudi a method mvolves sqsaratmg the protein from anotho* protein present in die sample; 
transferring a portion of the sqMuated protem to a phuBlity of membranes (fcff instance, 2, 1 0, 20 en: 
more) in a stacked configuration; incubatmg each of the membranes in the presence of one or more 

15 species of predetermined ligand molecules (eg., 2, 10, 20 or more) under conditions sufficient to 
permit binding between the separated protein and a ligand capable of binding to such protein; and 
analyzing the proteome by determining the occurrence of binding between the protein and any of the 
species of predetermined ligand molecules. 

Another embodiment is a method for analyzing the extent of similarity between the 

20 proteomes of two or more samples. Such a method involves, for each such sample, separating a 
protein of such sample firom another protem present in the sample; transferring a portion of &e 
separated protein to a plurality of membranes (eg., 2, 10, 20 or mcne) m a stacked configuration; 
incubatmg two or more of the membranes m die presence of one or more species of {determined 
ligand molecules (eg:, 2, 10, 20 or more) under conditions sufScioit to permit binding between the 

25 separated protem and a ligand capable of bmding to sudi protein; and analyzmg the extent of 

similarity between the proteomes by comparing Ae separated proteins of each such sample with die 
separated proteins of another sudi sample for die occurrence of bindmg between the sqmrated 
protein and any of the species of predetermined ligand molecules. 

Another embodiment is a method for uniquely visualizing a desired predetermined protein if 

30 present in a biological sample. Hiis method involves separating die proteins present in die sample 
fiom one another; transferring a portion of die separated proteins of the sample to a plurality of 
membranes (for instance, 2, 10, 20 or more) in a stacked configuration; mcubating two or more of the 
membranes in die presence of one or more species of predetrammed detector/ligand molecules (eg., 
2, 10, 20 or more) und^ conditions sufficient to permit binding between desired predetermined 

3 5 protein and a ligand capable of bindmg to sudi protein; and visuali23ng any binding between the 
protein and any of the species of predetermined ligand molecules. 
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Also provided are embodiments of all sudbi methods wherein the separation of the protein 
from ano&er protein present in tfie sanq)le is acoomplished by electrophoresis (for instance, 2- 
dimensional (Z-D) gel elec^phoresis). 

Further embodiments inchide aU such methods v^erein tiie sanq)le is obtained from 
5 mammalian cells or tissue, and particular^ from human cells or tissue, and the embodim^ts wherein 
the fwflmmalian cells or tissue are human cells or tissue and the separated protein is a product of a 
human gene. 

It is contemplated that the detector/ligand q)ecies can be any of a variety of molecule types. 

Thus, also provided are embodiments of all such methods wherein at least one of the species of 
10 detector/ligand is an antibody, an antibody fragment, a single chain antibody, a receptor protein, a 

sohibilized receptor derivative, a receptor ligands, a metal ion, a virus, a viral protein, an enzyme 

substrate, a toxin, a toxin candidates, a phaimacological agent, a phannacological agent candidate, a 

hybridization probe, a oligonucleotide, and others as discussed herein. 

Otho' embodiments include all such mediods wherein the binding of at least one of the 
15 species of detector/ligand is dependent upon the structure of tiie separated biomolecule (eg., protein 

or nucleic acid). It stiU further provides the embodiments of all sudi methods wherein tiie binding of 

at least one of the species of detector/ligand is dependent or upon the fonction of die separated 

biomolecule (e.g., protein or nucleic acid). 

The disclosure also provides all such methods wherein at least one of the membranes is 
20 incubated with more than one species of ligand or detector molecule. Also provided are 

embodiments of all such methods wherein at least two membranes are employed, at least 10 

mranbranes are employed, or at least 20 membranes are employed. 

Further provided aro the mbodiments of all such methods wherein at least at least two 

ligand species or detector molecules are en^loyed, wherein at least 1 0 are employed, or at least 20 or 
25 more are onployed. 

Additional embodiments aro membranes diat have a high afGnity but a low capacity for 

proteins and/or oth^ biomolecules so as to allow the creation of multiple rq>licates or imprints of the 

proteins ehited from a gel. Examples of these membranes are substantially thinner than those 

conventionally used for blotting. The membranes are optionally provided with (or within) a frame, 
30 so that they may be easily handled and manipulated when separated from that stack. The frame 

optionally defines a channel to pennit release of air and fluid trapped between adjacent membranes. 

Removable tabs or the like also may be i»rovided on each fi^e to permit the stack to be held 

together, for instance when it is ^plied to the gel. 

Loaded membranes may be scanned or otherwise digitally imaged using one of several 
35 commercially available scientific iniaging instrumraits. Imaging instrumoatation and software, such 

as those described herein, may be employed to pennit viewing, analysis, and/or interpretation of Hie 

ejqiression patterns from the sample (eg. , a tissue sample or otiier two-dimensional source, such as a 
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geQ. Software may be provided wiOi template linages 

images. TUs allows tiie identity of flie biomolecule in each defined locus (eg., a spot on a 2-D gel, a 
bandona 1-D gel or a localized molecular dqxxsit in a tissue sample) to be confm 
vertical and horizontal position. Hie software also can allow fte density of eadi locos to be 
5 calculated so as to provide a quantitative read-out Hie software may also have links to a database of 
images generated from other gels to allow comparisons to be made between different diseased and 
nomial samples. In addition to con^)uterized analysis of membranes, the source sample (eg., actual 
tissue sections or other substantially two-dimensional source) or a substantially similar sample (e.g., 
an adjacent tissue slice) may be analyzed with conventional techniques (e.g., histochemical 

10 techniques) to confirm or compare the digital analysis. 

Also provided herein are Idtstiiat inchide aphuality of membranes (e.g., 3 or more, for 
mstance 5, 10, IS, 25, 50, or 100 or more membranes) m a stack or other configuration that pennits 
tiiem to be stacked. Optionally, tiie provided kits may fiirdier mchide one or more different 
detectors, such as cocktails of antibodies or hybridization ]Hobes, to be qiplied to tiie treated 

15 memlnranes for biomolecule detection/analysis. Hie kits may also provide one or more additional 
components, such as a volume of a transfer reagent, a fluid impervious enclosure (for instance, a 
scalable ba^, one or more pieces of filter paper, and/or a tissue array contained on a slide or other 
comparison sample or control sample. Optionally such kits may also include instructions for how to 
use the kit to detect, analyze, and/or identify one or more biomolecules. Detection chemistries may 

20 be included, which are tailored to coincide with the detector molecules provided witii tiie kit or 
anticipated far use with the other kit components. Hie aforementioned software may also be 
included m tiie kit, or may be accessible via modem or the Internet 

In certain embodhnents, tiie methods and kits accordmg to the present disclosure allow up to 
several thousand discrete biomolecule (&g., protein) loci to be identified, annotated, and, at the user's 

25 option, compared to the pattern of loci generated from other samples stored in a database. 

One specific example of a provided kit for analyzing a proteome includes a phiralily of 
membranes, each having a specific affinity for at least one protein, and a plurality of detector/ligand 
species (e,g., species such as an antibody, an antibo(fy fragment, a single chain antibody, a receptor 
protein, a solubilized receptor derivative, a receptor ligands, a metal ion, a virus, a viral protein, an 

30 enz^e substrate, a pharmacological agent, and a pharmacological agent candidate), each adapted to 
detect one or more specific proteins bound to tiie membranes. 

Also provided in another embodiment is a kit for uniquely visualizing a desired 
predet^mined protein if present in a biological sample. Such a kit includes a plurality of 
membranes, each havmg a q>ecific affinity for at least one protein, and a phirality of detector/ligand 

35 species (eg , species such as an antibody, an antibody fragment, a smgle cham antibody, a receptor 
protein, a sohibilized receptor derivative, a receptor ligands, a metal ion, a virus, a viral protein, an 
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Gozymt substrate, a phannacological agen^ and aphannacological agent candickte), eadi ad^ited to 
detect die desired predetemuned protein if bound to the membranes. 

In particular embodiments, the membranes provided in kits desmbed herein inchide a 
porous substrate having a thickness ofless than about 30 inicrons. Particular examples ofsudi a kit 
5 include membranes that are polycarbonate membranes, especially polycarbonate membranes coated 
with a material for increasing the affinity of the mmbrane to biomolecules, for msfcEmoe 
nitrocellulose, pofy-L-lysine, or mixtures tiioneol 

UL Transfer Mocks 

10 Provided h&ein are multiple methods for transferrmg biomolecules fix>m a sample that is 

general^ substantiaily two-dimensional into one or more ihin membranes, usually arranged in a 
stadL Several different specific transfer modes are provided. Some oflhese modes overly, m that 
wicldng or contact transfer can be used to transfer biomolecules from both tissue- and gel-based 
samples, and so forth. Even thou^ perhaps not e>q)licitly enumerated, all variations and 

15 combinations oftihe described m^iods are encompassed herein. 

WickingTyansfer 

In particular embodiments^ a transfer liquid (such as a buffer) is passed through the 
membranes to encourage movement of the biomolecules from the sample to the membranes and 

20 through them. A distal or downstream wick may also be provided to help move Mquid (such as the 
buffer) through the membranes in a deshed direction of movement 

There is illustrated in FIG. 1 a perspective view of a representative disclosed membrane 
array transfer q)paratus designated generally by reference numeral 10. Apparatus 10 mcludes a 
plurality of mmbranes 12 shown in a layered or stacked configuration such as array 13. While only 

25 about a dozen membranes are shown in array 13 of FIG. 1, it will be appreciated diat many more 
membranes (eg., 10, 50, 100 more) may be employed depending on die number of targets sougjht 
to be identified, the quantity of biomolecules present m the sample, and the thidcness of the material 
employed to construct membranes 12. Optionally, membranes 12 may be packaged in a suitable 
sealed enclosure or frame (not shownX for instance to maintain dieir integrity and/or prevent 

30 contaminatioiL 

Membrane array 13 is placed atop a stack of one or more sheets of blotting paper 14 that 
acts as a lower wick pulling buffer out of buffer chambers 18 though upper wicks 20 and membrane 
array 12 in the direction of the arrows shown in FIG. 1. A biomolecule trap 22 may be positioned 
mtermediate membrane anay 12 and blottmg pap&c 14 to help the user ascotain whedier and/or to 
35 what extent transfer has occurred. 

In use and operation, q>paratus 10 may be employed to create "carbon copies" or substantial 
replicas of the biomolecular contents of die sample ^plied to tbte stack. Membranes 12 are arrayed 



wo 02/48674 



PCTAJSOl/44009 



-19- 

in a layered or stacked configiiration as shown m HG. 1 as In a particular 

embodiment; a substantially two-dimensional sample 1 1 (sudi as a conventional firozm tissue section 
as illustrated) is placed on a siq>port substrate (eg. , & l^y ^ of polycarbonate) and dien sandwidied 
between two slices of 2% agarose (not shown). Hie entire preparation is positioned adjacoit to the 
5 membrane array 13. Buffer 16 is qiptied using buffer diambers 18 and upper wicks 20 to ehite and 
transfer proteins from the frozen section. About 50-100 milliliters of buffer per square centimeter are 
used in each transf^ with average length of the transfer being about 1-2 hours. 

After transfer the membranes are separated and incubated with the detector antibody. 
Antibodies are selected based on the types of targets sought Membranes are washed in a buffer and 

10 the protein / detector complex can be visualized usmg a number of techniques such as ECL, direct 
fluorescence, or coloi im etr i c reactions. Commercially available flatbed scanners and digital imaging 
softwaiie can be employed to display the images according to &e preference of the user. 

Ibe specific example illustrated m FIG. 1 shows a device and a mediod for detecting 
bimnolecules m a tissue section 11 or other two-dimensional sample (eigi, an electrophorBtic gel) by 

15 creating ''caibon copies" (substantial copies that are not necessarily identical copies, tibey may have 
slight differences but can be identical or neaify identical) of the biomolecules ehited from die sample, 
and visualizing the biomolecules on the copies using antibodies or other molecules having specific 
afBnity for the biomolecules of interest Thin membranes 12 in a stacked or layered configuration 
are brought into contact with the sample and reagents, and reaction conditions are provided so that 

20 the biomolecules are ehited from the sample onto the membranes, whereupon the biomolecules can 
be visualized using a variety of techniques, as set forth herein. 

Certain embodiments of die disclosure include a mediod of detecting an analyte in a 
biological sample using stadced ccmtiguous layered membranes ttiat permit biomolecules to move 
dut>u^ a plurality of the membranes, while directty c^turing die biomolecules on one or more of 

25 die membranes. Biomolecules from the sample are moved tbrough the membranes under conditions 
diat allow one or more of the membranes to direcdy capture the biomolecules, and biomolecules of 
mtmst are concunendy or subsequentty detected on the membranes, for example by exposing the 
biomolecules of interest to a detector, such as a ^edflc capture molecule (for example an antibocty 
or a nucleic acid probe). 

30 Alternatively, the biomolecule itself may be a detector (sudi as a nucleic acid probe) to 

which a sample is exposed. In this case, the biological sample is one or more purified nucleic acid 
probes placed in assigned locations on a sur&ce of the stack, whidi are allowed to migrate through 
membranes (for exanqile in a direction of movement transverse to the layers) to produce multiple 
substantial **copies" of the original probes in corresponding locations on the multiple membranes. 

35 Tbe layers then can be separated and exposed to a target biological q>ecimen, which may have 
nucleic acid molecules that hybridize to die probes. 
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In some examples, Ihe biological sample is a tissue q)ecimen that is placed on the stack of 
lE^ered membranes, and biomolecules from the tissue specimen are direcdy oqptured by the 
membranes as the biomolecules move tbrough the membranes. The membranes may, for example, 
be sq»cated prior to detecting the biomolecules of interest, and the separated membranes are 
5 exposed to die detectora. AltBmatively,tiie biological molecules ofinterest may be contained in a 
biological specimen to which the mmbranes are exposed For example, the biomolecules directly 
c^rtured by the m^branes may themselves be nucleic acid probes or antibodies, and the membranes 
may be exposed to a biological specimen in which a nucleic acid or peptide (such as a protein) is to 
be detected. 

10 Biomolecules detected on the membrane copies may be coirelated with a biological 

characteristic of the sample. For exanq)Ie, a tissue specimen may be placed in a position on top of 
the stack, and a biomolecule of intmst (such as a particular protein) may be detected in one of tide 
mCTibrane copies at a position diat coiresponds to the position in y/bidi flie tissue specimen (or one 
of its substructures such as an organeUe) was placed The presence of that biomolecule in die tissue 

IS specimen can tiien be correlated widi a biological characteristic of the sample. For example, a highly 
• malignant tisjaie specimen may be feimd to contain a protein that may thm be associated widi the 
highly malignant phenotype of the specimen. 

In particular examples^ the method can be used to create a set of microanay substantial 
"copies" by applying a plurality of detectors, such as DNA probes, antibodies, or a combination 

20 thereol^ to the stack of layered membranes. The stadc of layered membranes provide a plurality of 
substrates through which the probes or antibodies (generally, detector molecules) move, and in which 
a portion of the probes or antibodies are directly captured by one or more of the substrates. Ihe 
substrates can be subsequently separated to provide corresponding substrates having a plurality of 
DNA probes, antibodies or a combinati(m thereof in corresponding positions of eadi of said 

25 substrates. The multiple membranes maintain a substantially cohraent relationship between the 

probes and/or antibodies as they move tinough&e substrate. This coherent relationship msQf or may 
not be a direct spatial correspondence, but the relative relationship between the biomolecules may be 
maintained in such a way tiiat the identity of the biomolecules on the membranes can be known from 
the relationsh^ m which the biomolecules were placed on the stack of layered membranes. 

30 

Contract Transfer 

There is illustrated in FIG. 2A an alternative embodiment of an apparatus 10 for transferring 
biomolecules from a substantially two-dimensional sample 11 onto a membrane stack 13, which 
stack m some embodiments is provided m the form of a kit Apparatus 10 generally includes a 
3 5 membrane stack 1 3 upon which a sample 1 1 (ilhistrated as a tissue section) may be placed, a pair of 
fiher pads 24 and 26, and a fluid impervious enclosure 28, such as a plastic b^g or the like. 
Optionally, the sample 11 (eg., a tissue section) may be presented on a support 30 (as illustrated in 
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•FIG.2B). Inpa]ticii]armlx)dim«its,thesuppGQrt30isam 
support sudi as apiece of t^. 

Moie specifically, in a first embodimeiit, membrane stack 13 comprises one or more 
membranes 12, fiir instance iq> to five membranes, generalfyconstnicted as de Hie 
5 membranes 12 in stack 13 should have a hig^ affinity for proteins and other biomolecules but have a 
low capacity for retaining such molecules. This feature permits the molecules to pass through the 
membrane stack witii only a limited number being trapped on each of &e successive layers, thereby 
allowing multiple "carbon copies'* (substantial copies tfiat are not necessarily identical copies, they 
may have sli^t differences but can be identical or nearly identical) to be generated. In o&er words, 

1 0 the low c^Micity allows the creation of multiple replicates as only a limited quantity of the 
biomolecules are tr^iiped on eadi l^er. 

First and second filter pads 24, 26 are preferably constructed of a blotting paper such as 
GB004 Blotter available fi:om Schleicher and SdiueU. Filter pads 24, 26 are saturated widi a 
transfer buffer sudi as Tris or phosj^iate base buffers. 

IS Enclosure 28 may comprise any coll^sible, fluid impervious material adapted to envelop 

the sample 11, membrane stack 13, and filter pads 24, 26, which may be kit components, ^closure 
28 is preferably a plastic bag, such as a heat scalable pouch. By way of example, such a bag may be 
made of a resm, such as a polyester or other resin. In certain embodiments, enclosure 28 is a heat 
sealable pouch such as those available from Kapak Corp. (Minne^olis, MN). 

20 In use and operation, the sample 11 (e,g,, a tissue section sample or tissue microarray 31, 

shown in FIG. 3) is positioned in contact wifli a fiice of a membrane stack 13 and both the sample 
and stack are placed betweoi two filter pads 24, 26, which have been saturated with transf<ar buffer, 
to for an assembled contact transfer stack. Hie assembled contact transfer stack is placed inside fluid 
impervious enclosure 28, such as a plastic bag. Hie membranes are pre-wetted in die aforementioned 

25 transfer solution. 

Fluid impervious miclosure 28 is placed between a pair of substantially flat surfaces 32, at 
least one of which also serves as a source of heat By way of example, the pair of substantially flat 
surfeces 32 can be surfeces of a pair of heating elements such as those provided in gel dryers 
manufactured by Bio*Rad Laboratories (Hercules, CA). In otiier embodiments, the pair of flat 

30 surfeces 32 may be provided by MJ Research devices, such as tiie PTC-200 Peltier thermal cycler, 
which provide a separate heated lid and a thumbwheel to adjust height and pressure of the lid and 
tiiereby provide pressure. 

In embodiments where heat is implied only from one side of tibte assembled sample and 
stadc, the heat is prefermtially applied firom the side of the sample rather than the membrane stadc 

3 5 side, such that a heat gradi^ is created widi tiie heat qiplied on die sample side. 

To effect transfer, the bag and its contents are heated to a temperature of 60 to 95 *C, in 
some embodiments 60 to 80 *C, or more particularly in some embodiments 70 *C. The bag and its 
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contents are heated for at least about an hour, and in some embodiments about two hours or more. 
Sufficient pressure is ^plied dnroi^out the heatmg process to «asure diat tiiere is adequate contact 
betweoi the sample and the membrane stack to fiidlitate transfer of biomolecules to &e membrane 
stack. By way ofexample»sudi pressure can be ^Hedusmg a weight 34 ofO.S to 2 pounds, whidi 
5 may optionally be inchided as a kit component Springs, clamps, or cl^cqKible of ^plying 
pressure may be employed instead of a weight 

The combination of heat and pressure being applied causes biological compon^ts, 
inchiding proteins and/or nucleic acids and/or carbohydrates and/or lipids, to be transferred from the 
sample 11 to m^brane stack 13. This produces multiple copies or replicas of the biomolecular 

10 content of the tissue sample, due at least m part to the binding characteristics of the membranes. 

To ensure that the binding c^>acity of die membranes is sufficiently low to prevent trapping 
of too much of tbs sample, in some embodiments the diickness of mmbrane substrate should be less 
tiban 30 mioons, in some embodiments from 4 to 20 microns, and particular CT.bodiments from 8 to 
lOmioons. IheporesizeofthesubstrateshouldbefiomOJ to 5.0 microns, in particular 

15 embodiments 0.4 micnms. Anodier advantage ofusing such a Ihin membrane is tfiat is lessois the 
phenran^on of latml difiusion. Hie diicker the stack of membranes, the wider the diOtoion of 
biomolecules moving through the stack. 

The substrate includes a coating on its upper and/or lower surfaces to increase specific 
binding of the proteins or other targeted biomolecules. The coating in certain embodiments is 

20 nitrocellulose, but other materials such as poly-L-lysine may also be employed. 

Tissue section sample 11 may be derived fiom fresh/frozen tissue or tissue that has been 
fixed m formalin (or another fixative) and paraffin onbedded tissue. Hie section is created by 
conventional methods^ for mstance using a microtome. The thickness of a tissue section can vary 
fit»n 3 to 30 microns depending on the desired number ofmanbnmerepUcates to be created. Asa 

25 rule of thumb, the tiiickness of the section should be one micron for each r^licate sought Thus, for 
example, a 1 0 micrtm section would be used to create ten membrane copies. 

As used herein '^tissue** means any material containing cells, proteins, or nucleic adds 
including plant, animal, and human material In lieu of tissue section sample 11, a tissue microarray 
31 (FIG. 3) may be employed. Tissue microairays are desaibed in Kononen et ai. Nature Medicine, 

30 4:844-847, 1998) and are provided by several commercial entities, such as the Vast Array™ tissue 
arrays available from Research Genetics (Huntsville, AL). Tissue macroarrays are similarly 
constructed, except that they contain tissue sections that are generally laiger than microarray 
samples; the tissue samples used in tissue macroarrays may optionally be dissected by hand. 
Ahemately, in some rabodiments tiie biomolecules on a gel (eg., an electrophoretic gel) or otiier 

3 5 substantially two-dimensional sample are transferred to a membrane stack usmg smiilar m^ods, in 
place of tissue section 14. 
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Gd-BasedTransfer 

The most widely used method for identii^dng and measuring biological molecules is gel 
electrophoresis, a collection of techniques for sqparatmg or resolving molecules in a mixture under 
the mfhience of an applied electric field based on (usually) the difference in dieir size and/or charge. 
5 Electrophoretic separation is most commonly performed using porous polymer gels. During one- 
dimensional electrophoresis, a mixture of proteins is applied to a gel and exposed to tiie flow of an 
electric current Since smaU^ proteins migrate fast^ through the gel tiian larger ones, separation 
based on their size is achieved. By way of example, tiiis one-dimensional qjproach can only 
generate about 100 distmct protein bands, which is inadequate for many implications since the 
10 estimated numb^ of proteins exfffessed in a ^ical mammalian cell is betweoi about 10,000-15,000 
proteins. 

In order to improve the resolving power of electrophoresis gels, a two-dim^ional gel 
tedmique was introduced hi tiie 1970s, wherein electrophoretic separation of the proteins based on 
their size is preceded by chaige-based separation. Isoelectric focusing (DBF) electrophoresis, which 

1 5 separates proteins according to their charge (pH), is run in one direction and mass sq)aration is 
carried out in a perpendicular direction. Such two-dimensional (2-D) gel electrophoresis (often 
abbreviated as '*2-D PAGE," for two dimensional polyacrylamide gel electrophoresis) has become 
the backbone of proteomics. The technique is routinely employed for characterizing the proteome of 
different classes of tissues, cells, cell lysates, body fluids or exudates. The end result of 2-D PAGE is 

20 the production and separation of various protein "spots" in a two dimensicmal Cartesian plane where 
the coordmates of each spot are repfesented by charge and molecular weight However, ttie major 
challenge of 2-D electrophoresis is tfie identification of the proteins after they have been separated on 
the gel. 

Protems that have been separated on gels are usually identified, detected, and analyzed by 
25 one of several different tedmiques. Ifthe protein spot represents an unknown protehi,tfie most 

common approach is to physical^ rstnove or excise the spot from &e gel, digest it with an en^me^ 
and characterize the protein by mass spectroscopy. A ccunputer generates a plot of protein fragments 
according to their mass, and this plot serves as a fingerprint that may be used to facilitate the 
identification of tiie original protein. As in the analysis of actual fingerprints, the ability of mass 
30 spectroscopy to identify a detected protein relies on the prior recovery and analysis of a reference 
protein whose fragments matdi tiiose of &e detected protein. The idoitification of a truly new 
protein by mass spectroscopy remains a significant challenge. 

Although mass spectroscopy provides the most incontrov^ble data, the method is time 
consuming, expensive and cannot be accomplished in flie absence of eiqpGnsive core facilities and 
35 highly trained personneL Furthemore, die technique is used oiily to analyze the proteins that can be 
stained with a ubiquitous stain such as Coomassie blue. Unfortunately, ubiquitous stains are not 
sensitive and permit only a small fraction oftiie protems in the sample to be visualized. In other 
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words, mass spectroscopy of ubiquitously stained gels does not yield a broad "(fynamic range" as it 
&ibto identify certain low abuncbnoe— but potentially important -protein Amonglbelow 
abundance proteins Ibat may be left behind by these tedmiques are tyrosine kinases, cytokines, and 
transcription fiictors, whidi play a key role in many diseases. 
S An alternative approadi to identifying gel separated proteiilis is immuno-blot analysis, whidi 

uses a detectable antibody specific to a protein of interest in lieu of a ubiquitous stain. The proteins 
are transferred onto a membrane, typically constructed of either nitrocellulose or of polyvinylidene 
difhioride (PVDF) and antibodies are applied to &e membranes. Immuno-blotting is ra^^id and can 
be accomplished in less than a day. Also, it is estimated to be about 1000-fold more sensitive than 

10 Coomassie blue staining, allowing even low abundance proteins to be identified It is significantly 
more specific as welL However, a key limitation of immuno-blotting is that at most only a handfiil of 
proteins can be identified on a single blot due to ovorl^ping spots and cross-reactivity with differmt 
proteins in the sample. Smce die 2-D gel piocess requires approximately 24 hours to complete, it 
would be prohibitively time consuming to create enough immuno-blots to identify tiie large quantity 

IS of proteins needed for most proteomics qyplications. 

Thus, tbere is a clear need to develop techniques that pmut large numbers of protems 
across a wide cfynamic range to be identified in parallel Information potentially relevant to attempts 
to address this need can be found in the following references: Sanchez et al.. Electrophoresis, 
18:638-641, 1997; Neumann & MuUner, Electrophoresis, 19:752-757, 1998; Manabe et al, Armal 

20 Biochem., 143:39-45, 1984; Legocki & Verma,^WMi/. Biochem., 1 1 1:385-345, 1981; and PCX 
International Publication No. WOOO 045168, all hsxein incorx>orated by reforence. 

However, eadi of tiie techniques desmbed in these references suffers from one or more of 
the foUowmg disadvantages: (i) not sensitive enough to detect low abuncknce protems, (ii) caimot 
identify large numbers of proteins in a high-throug)q>ut manner, and (iii) requues specialized or 

25 sophisticated hardware that leads to loss of protein and a decrease in die resolution the protem ^lots 
during the transfer. 

According to methods provided hmin, biomolecules that have been electrophoretically 
separated on a gel, or via chromatography, etc. are transfeited fiom the gel onto a stack of 
membranes. Examples of sadx membranes are membranes tiiat are constructed and chemically 

30 treated to have a high afOnity but low capacity for proteins. Suitable membranes and methods for 
tiieir construction and preparation are described herein. The use of such membranes allows the 
oeation of multiple replicates of the protein content of die gel 

The membranes are then incubated widi a unique ligand species (a detector molecule) or 
mixture or cocktail of sudbi, to assist in and permit detection and/or analysis of biomolecules on the 

35 membranes. The membranes are generally separated one firom another prior to such incubatioiL 
Detector molecules/ligands can be any of a number of molecules that have binding specificity for a 
target molecule of interest, and include antibodies (such as monoclonal antibodies), antibody 
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firagmeats (eg., FAB, F(AB)2, single cbam antibodies, receptor proteins, sohibitized receptor 
derivatives, receptor ligands, metal ions Q>afticiilarly paramagnetic or radioactive ions), viruses, viral 
proteins (e.g:, hmnan rliinovinis or proteins liiereof tiiat bind to ICAM-1, or HIV or proteins tfimof 
Ibatbindto CD44), enzyme substrates, toxins, toxin candidates, pharmacological agoits, 
S pharmacological agent candidates, other small molecules that bind to specific proteins, as well as 
molecules that bind or hybridize to nucleic acids (eg., nucleic acid probes or specific binding 
proteins or firagments thereof) etc. While eadi membrane has essentially die same pattern of 
biomolecules bound to it, diffo^t combinations of such biomolecules can be detected on each 
membrane due to the particular ligand or cocktail of ligands selected to corresponds to the particular 
10 layer. 

The nature of the species of Ugand(s) in tiie codctail provided to the membrane determines 
tiie nature of infonniation that can be obtained from tiiat membrane. For example, by incubating a 
membrane with an antibody or antibody fragment, one is able to identify the presence or absence of 
protein molecules of the sample that bind to such molecules. In this way, for example, a membrane 

IS could be mcubated with an antibody that specifically binds a protein kinase, in order to detemune 
whether a particular protein is a protein kinase, or possesses an epitope that mimics that of a protein 
kinase. Similarly, by employing as the ligand, a celhilar receptor protein, solubilized receptor 
derivative, or receptor ligand, the membrane would enable one to identify whether a particular 
protein was a receptor or receptor ligand. Since viruses and other pathogens are enable of binding 

20 to cellular receptor proteins, a cocktail containing a virus or viral protein could be employed in tiie 
same manner as a receptor ligand to identify whether a particular protein was a cellular receptor or 
recq)tor ligand. In an ahemative embodiment, the cocktail could comprise one or more 
pharniacol<^cal agents to identify proteins that interact with such agents. Likewise, 
pharmacological agent candidates could be incubated with the membranes, tiiereby revealing tiie 

25 abilify of such candidate molecules to bind to specific proteins. For example, an acetylcholinesterase 
inhibitor or a monoamme oxidase inhibitor (NfAOI) could be incubated witii a membrane to identify 
proteins that bind the inhibitor and which thus might be additional therapeutic targets of the inhibitor. 
Likewise, a compound suspected of possessing therapeutic potential could be incubated with a 
membrane to reveal whether it binds to proteins expressed, for example, in the liver or kidney, 

30 thereby revealing its potential to treat diseases affecting these organs. Examples of the methods and 
kits permit tiie further analysis of such binding to determine, for example, whether such proteins are 
expressed in otiier organs and tissues (e.g., tiie brain). 

In one embodiment a membrane will be incubated in the presoice of a single ligand, or a 
cocktail of different ligands of the same class of ligands (e:g., antibodies, receptors, hybridizing 

35 probes, etc). Ahmiatively, a membrane may be incubated witti different classes of ligands. For 
example, a membrane that is incubated with antibodies that bind protem kinases and with a 
tiier^utic candidate, can be employed to reveal tiierapeutic candidates that bind to protein kinases. 
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Where mixtures or cocktails of ligands are employed, l^e codklails are preferably fomiiilated so fhat 
no two ligands bind overlapping or adjaoeQt|HOtBin spots. Tims, for example protein spots that are 
too close together to be discriminated on a single membrane may be detected on sepaiate membranes. 
Id an ahemative embodiment, tiie ligand is pemiitted to bind to proteins of the sample prior 
5 to the transfer to a m^oabrane. Urns, m some examples tbe ligand is provided to a living or deceased 
subject, to a tissue or ceU, to a tissue or cell preparation, or to a tissue or cell extract, prior to the 
fractionation or separation of protein. Hie proteins are then transferred to membranes and tiie 
proteins and ligand are visualized. In sudi an embodiment, one can detect whether binding between 
a ligand and a protein of the sample and occurs m sitUy and/or under physiological conditions. 

10 Optionally, the membranes can be incubated in the presence of additional ligand (which may be the 
same or different from the mitially employed ligan(Q in order to detect competition between or 
among ligands for bindmg sites, to evahiate the avidity of binding, to examine binding complexes of 
three or more molecules, etc. 

Particular embodhnents provide a method and a kit 36 for identifymg (le. detecting, 

IS annotatmg, and/or diaracterizing) groups of proteins (not shown) tiiat have been separated by gel 
electrophoresis. As illustrated in FIG. 4A, in one example kit 36 generally comprises tfie following 
components: (i) a stack of membranes 13 upon which the proteins are transferred, (ii) primaiy 
antibody cocktails 38, for instance one for each of the membranes 13, and (iii) other reagents 40 
inchidmg (as in illustrated in kit 36) protein transfer buffer 42 and antibody detection chemistries 44. 

20 The kit 36 may also include software 46 that allows the user to analyze and manipulate the images 
produced so as to yield a "proteomic image" of the biological sample being tested and compare it to 
proteomic images frcnn other samples m a database. Altranatively the software may be acquired or 
accessed independent of the kit 

In a specific embodiment, and with refmnce to FIG. 4A, membrane stack 12 comprises a 

25 phirality of membranes 13 adapted to be removabfy stacked atop one another, as shown. 

Accordmg to die mediod of aparticular embodiment (as illustrated in FIG. 5), proteins 48 
that have been electrophoretically separated on gel 50 are transferred from the gel through mmnbrane 
stack 13. This allows the o-eation of multiple replicate blots 52 of the protein content of the gel. The 
membranes are thai separated and each is incubated with one of the unique cocktails 38 (a-c) of 

30 ligands, cg.y antibodies. The antibodies employed are labeled or otherwise detectable using any of a 
several techniques such as enhanced chemiluminescence (ECL). Tills produces unique spot patterns 
54 (a-c) on each of the membranes. The membranes with unique spot patterns 54 are then scanned 
or digitally imaged using an imaging instrument (not shown) so that the density of the spot may be 
calculated, compared to otbsr samples, and displ^ed on a computer using software 46, as described 

35 herein. 

One advantage of specific embodhnoits provided herein is that they provide a third 
dimension of protein s^>aration for a biological sample, one additional dimension from the size and 
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diarge separations obtainable from 2-D gels. The layered membranes provide a cost-effective tool 
for selecting groups of compatible antibodies lliat can be used to detect subsets of pnteins on tiie 
samemembrane. Once selected tiieseligand combinations can be packaged in a kit and used 
repeatedly for the controlled analysis of proteomes di^l^ed on stacked membranes. Since 15-20 
5 replicates or copies can be generated from a single gel and ten or more ligands can be applied to eadi 
membrane several thousand difiorent proteins can be identified from a single gel according herein 
described mediods. 

Since ligands can be used to detect many post-translational modification of proteins (e,g, 
phosphoiylation) the present disclosure can be employed to identify protein function as well as 
10 structure. 

Altiiougji these embodiments have been described with respect to 2-D gels» it is also 
contemplated tiiat the methods and devices described can be employed witii one dimensional gels 
(eg. , as for the id^tification of transaiption frictors sq»aiated by a gel-shift assay), or proteins may 
be separated from other proteins of a sample, by other means, as by chromatogr^diy. It is also 

1 5 contemplated tiiat these methods can be used to generate duplicate copies of non-protein 

biomolecules, such as nucleic acids, lipids, sugars (such as polysaccharides) and combinations or 
complexes of two or more types of biomolecules. 

In certain embodiments, buffer reagent for eluting proteins from a gel to a membrane stack 
comprises a mixture of glycine, methanol, and SDS as described herein. For 1-D gel analysis, 

20 protein staining can be carried out using FastBtue Stain (Chemicon). 

Bi'Directional Transfer 

In alternative embodim^ts of the provided methods, the sample from which biomolecules 

are to be transferred is not supported by an imp^ious support and the sample is placed between 
25 members ofthememteme stack. Thus, in such embodiments one or more membranes is placed 

adjacent to eadi of two frtces of the substantially two-dimensional sample, and transfer of tiie 

biomolecules from the sample to the membranes occurs in two directions (bi-directional transfer). 
By way of example, tiiis technique is ilhistrated schematically in FIG. 6. Here first and 

second m^brane stacks 13a and 13b sandwich gel slab 54, which contains sample 11. A pair of 
30 filter pads 24 and 26, preferably constructed of a blotting paper such as GB004 Blotter P^r 

available from Schleicher and Schuell are provided adjacent to tiie membrane stacks as shown. Filter 

pads 24 and 26 are saturated with a transfer buffer such as TRIS or phosphate base buffers. 

A collapsible, fluid hnpervious enclosure 28 is provided to envelop the pads, membrane 

stadcs, and gel as shown in FIG. 7. Enclosure 28 (which in some mstances is a plastic bag) is 
35 pr^rably a heat scalable pouch/bag sudi as those available from Kapak Corp. (Minne^lis, MN). 

Preferably, most of the air is removed from enclosure 28 by gentie squeezing and/or vacmun suction 

and it is sealed by a heat sealer such as the Impulse Sealer (American International Electric). 
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Ebclosiire 28 is ttiea placed b^een a pair of heating etemoits 56a and 56b sudbi as those provided 
inGelDiyasmami&cturedbyBio-RadLAboiato The enclosure 28 and its 

contents are optionally heated to a temperature of between about 50 to 90* C, prefmbly to about 
80* C for about 2-4 hours. In some embodiments, pressure is qiphed throughout the heating process 
5 usmgaweig|it34. 

Ihe heat and pressure applied to contents of the enclosure pennit proteins and other 
molecules to be transferred from the gel or other two-dimensional sample to the membrane stack. 
This produces multiple copies or replicas of the biomolecular content of die sample. 

10 Transfer from Laser Capture Microdissection Samples 

Under the microscope, tissues are heterogeneous, complicated structures with hundreds of 
difiTerent cell types locked in moij^ologic units exhibiting strong adhesive mteracdons vilh adjacent 
cells, connective stroma, blood vessels, glandular and muscle componoits, adipose cells, and 
inflanunatory or immune cells. In nonnal or developmg organs, specific celb express different genes 

15 and undeigo complex molecular dianges bodi in response to internal control signals, signals from 
adjacent ceUs, and humoral stimuli. In diseased tissues the cells of interest, such as pre-cancerous 
cells or invading groups of cancer cells, are typically surrounded by diese heterog^eous tissue 
elements. Cell types undergoing similar molecular changes, such as those bought to be most 
definitive of the disease progression, may constitute less than 5% of the volume of the tissue biopsy 

20 sample. Therefore, a need arose to '^crodissect" diseased cells from surrounding normal cells to 
permit molecular analysis of disease lesions in actual tissue. 

To address this need researchers at the U.S. National Institutes of Health developed a 
technique known as Xaser Capture Microdissection" C'LC^T) for procurmg pure cells from specific 
microscopic regions of tissue sections. See Emmert-Buck, etoLy Science 274:998-1001,1996; 

25 ^ Bonner, et oL, Science 278:1481-1483,1997, incorporated herem m then* entirety. LCM aUows small 
groups of cells to be isolated from tissue sectkms thereby allowing an investigator to collect only 
cells ofinterest so as to achieve high purity of the sample. Once collected, cells are homogenized 
and genoinicDNA, total celhilarRNA or total protems can be isolated. Details of LCM are 
described, for example, in PCX International Patent Applications publications WO 09917094A2 and 

30 WO 098352A1 , which are incorporated herem and are illustrated in FIG. 7. 

In short, a laser beam focally activates a special transfer film which bonds specifically to 
cells identified and targeted by microscopy within the tissue section. The transfer film with &e 
bonded cells is then lifted off the thin tissue section, leaving all unwanted cells behind (which would 
contaminate die molecular purity of subsequent analysis). This allows multiple homogeneous 

35 samples widiin the tissue section or cytological preparation to be targeted and pooled for extraction 
of molecules and analysis. 
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Ih order to simplify process of handling the transfo film, the film may be permanently 
bonded to the underside of a tran^saroit vial cap, sadi as tiiose available from Arctums Engineering 
Inc. (Momitain^^ew, California). Afler die taig^ed cells are transferred to die c^surfece the cq> is 
placed direcdy onto a coitrifuge tube to extract biomolecules fiom die c^ and purify biomolecules 
5 for subsequoit analysis, for instance using electrophoresis gels, DNA microarrays and the like. 

Unfortunately, many molecular biology assays such as Western blotting are difGcult to 
perform on LCM-collected samples since the amount of material collected per unit of thne is v^ 
small. While analysis of nucleic acids fiom LCM collected material is aided by the amplification 
techniques such as the polymerize cham reaction (PCR), protein amplification is not possible. 
10 Proteomics studies on LCM collected samples are thus particularly difiQcult 

Anodier current limitation of LCM is that different cell subtypes (&g. epidielium and 
connective tissue) must be transferred to different caps. Since the biomolecules ^iroteins and nucleic 
acid) are removed fix>m the c^ for finttier analysis^ diffract cell types cannot be mixed on the same 
cap since it could not be deteniiined fiom wluchceU type a particular biomolecule originated. Thus 
IS users of LCM typicalfy must process a differoit cap for each cell fype m a tissue section, a procedure 
that is time consuming and creates variability in experimental design. 

Embodimoits provided herein include methods and apparatuses for detecting and analyzing 
biomolecules in a sample collected by LCM by eluting biomolecules away fiom the sample and 
bmding them to one or more membranes in a layered or stacked configuration, then visualizing the 
20 biomolecules on die membranes. 

In general, cellular samples embedded in/on an LCM transfer fihn or die like are positioned 
adjacent to a stadc of one or more membranes, and reagents and reaction conditions are provided so 
diat biomolecules are ehited firom die celhilar sample and transferred onto the membrane(s). 
Biomolecules on the membrane are then detected and visualized using one or more detector 
25 molecules, for instance antibodies or DNA probes having specific afBnify for the biomolecules of 
interest 

There is illustrated in FIG. 8 a longitudinal section view of one embodhnent, preferably in 
the form of a kit, designated generally by reference numeral 58. Kit 58 generally comprises a 
mmbrane stack 13, LCM c^ holder assembly 60, a pair of filter pads 24 and 26, and a fluid 

30 impervious enclosure 28 such as a plastic bag or die like. 

In some embodiments, membrane stack 13 comprises up to 20 membranes, generally 
constructed as described herein. Representative m^branes 12 in stack 13 have a high afBnity for 
proteins and other biomolecules, but have a low edacity for retaining such molecules. In another 
embodhnent, a single membrane is used in lieu of a plurality of membranes. If only one membrane 

35 is used it need not have the low capacity reqoirements of certain other embodiments, and it can be 
constructed of any of a variety of matmals conventionally employed as blotting mmbranes, sudi as 
nitrocellulose or PVDF. 
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LCM cap holder assembly 60 is preferably constnicted of a heat conductive material sudi as 
metal and has generally redangular dimensions. Aph]raIityof^>ertures62aredefinedbycaq;> 
holder assembly 60 with ' each qiertiire ad^ited to receive a standard LCM cap 64 such as those 
available fifom Arctuius Ehgrneering, Inc. (Mountain View, California) or a modified LCM cap 66 

5 (FIG. 10). Momted to ciqps 64 (or 66) is a standard LCM transfer film 68 having adhered thereto die 
selected cellular material 70 that serves as die transfer sample 1 1 fit)m the tissue sample following an 
LCM procedure. By way of example, LCM is performed on tissue sections (sudi as firozen or 
fixed/paraffin embedded sections) using &e equipment such as diat illustrated in FIG. 7 according to 
known methods, such as those recommended by Arcturus ^gineering. Inc. 

10 First and second filter pads 24, 26 ace preferably constructed of a blotting paper such as 

GB004 Blotter Paper available fiom Schleicher and SchuelL Filter pads 24, 26 are saturated widi a 
transfer buffer sudi as Tris or phos[^biate base buffers. 

^closure 28 may comprise any colIi^)sible, fluid hnpervious matmal ad^ted to envelop 
the other kit components. Plastic bag 28 is i»eferably a heat scalable poudi such as diose available 

15 fiom Kapak C<Hp. (Miimeapolis, MN). 

After mioodissection, caps 26 can be stored frozen until transfer of the molecules is desired. 
Cellular material 70 embedded within transfer film 68 is hydrated toough gradient of ethanol and 
optionally mildly digested with proteases. Caps 64 (or 66) are then mserted within apertures 62 
defined in cap holder assembly 60 and the cap holder is placed adjacent to membrane stack 13 so that 

20 the transfer film 68 is in direct contact with a membrane. First filter pad 24 is placed above c^ 
holder assembly 62 and second filter pad 26 is placed below membrane stack 13. (Both pads are 
soaked in a transfer buffer.) Pads 24 and 26, sandwiching tiie other components of the assmbled 
stadcofkit 58, are placed widiin enclosure 28. Most of the an- is removed from ^[iclosure 28 by 
gentle squeezing and/or vacuum suction and it is sealed by aheat sealer sudi as the Impulse Sealer 

25 (Amoican Intotnatioiial Electric). 

Widi reference to FIG. 9 plastic bag 28 is placed between a pair of heating elements 56 such 
as those provided in Gel Dryers manu&ctured by Bio-Rad Laboratories (Hercules, CA). Ihe bag and 
its contents are heated to a temperature of between about 60 to 80* C, preferably to about 70* C for 
about two hours. Pressure is applied throughout the heating process using a weight 34^ which may 

30 optionally be added as a kit component 

In odier mbodiments, multiple c^s are created fit)m a single cell type and the 
biomolecules (proteins and/or nucleic acids) are transferred to the single membrane or membrane 
stadcm the manner described herein. One membrane (or more) can then be cut into pieces 
c(Hresponding to die number of c^ so that the biomolecular content from each cap may be 

35 separately incubated with a different detector molecule or detection system. 

It may be deskable to prevent rotation of the LCM caps during die transfer process so that 
positions of the cellular samples remain fixed relative to the membranes. This would be useful when 
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particular regions of flie fifan 68 are allocated to particular cell types {eg. epithelium vs. connective 
tissue or diseased vs. normal <Selis). By prev^ting rotation oftfaeLCM caps the user can correlate 
the position of tiie biomolecnles on the membranes with the region of fihn 68 and cell tyjpQ firom 
whidi fb.e biomolecules originated. Lines or oth^ indicia (not shown) may be provided on the 
5 membranes and c^ 64 to aid tilie user in this process. In order to prevent rotation, die standard 

LCMc^ may be modified as shown in FIG. 10. Modified c^ 66 has a shank portion 72 that defines 
aflat surface 74 (shown in FIG. lOB) that is ad^tedto ragage an similarly sh^^sed aperture in the 
LCM c^ hold^ ass^bly (not shown). The size of cap 66 and corre^nding transfer film may be 
enlarged so tbsX cells of interest fiom an entne tissue section may be micFodissected or otherwise 
10 transferred onto a single cap^ diereby saving time and reducing e>q)enmental variability as compared 
to using different caps for each ceU type as is the practice currently in use. 

"Microarray" Transfer 

Anodier use of the membrane arrays provided herein is to make multiple copies of a cDNA 

15 or olhermicroanay in a manner that is less expensive and labor-intensive than robotic systems. In 
particular embodiments, the plurality of DNA probes, antibodies, or combination thereof is applied 
to tiie stack of membranes fiom a plate having a plurality of wells (cLg., a microtiter or like plate), 
each containing a different DNA probe or antibody. The DNA probes or antibodies are transferred 
fix)m the wells to the stack so as to create a set of substantially replicate microarrays. 

20 With reference to FIG. 1 1, DNA sequences representmg different genes are placed mto 

individual microtiter wells 80 of a miorotiter plate 82 (e:g., a 96-well plate). The miootitBr plate 82 
is placed adjacent to a stack 13 of membranes 12, to allow the contoits of die microtiter wells 80 to 
be transfeired fiom flie respective wells to the stack of membranes 13. In die illustrated embodiment, 
contents of the wells are transfenred fiom die weUs 80 to a top surface of the stack of membranes 13, 

25 so that die contents are ^lied in a pattern diat corresponds to a pattern of the wells. 

Hie DNA is transfored through the membranes in a duection of movement fi:om the wells 
toward a wick member 84, and the spatial orientation of the samples is maintained. Because of die 
high affinity, low capacity characteristics of membranes 12, as the nucleic acids traverse the capture 
membrane stack 13, a small percentage of DNA hybridizes to each membrane, creating a series of 

30 replicate copies, each one containing a grid of DNA spots that match die orientation of the DNA 
samples in the microtiter plate. Thus, a set of cDNA arrays may be created in a veiy rapid and 
inexpensive fashion. Antibody and tissue lysate arrays can also be created by this mediod. 

Types of Samples 

35 Any two-dimoisional sample material diat contains releasable biomolecules can be used as a 

source of biomolecules in die provided transfer processes. By "two-dimensional** it is meant that the 
material is, or can be foimulated so that it is, substantiaUy flat and relatively thi^ Representative 
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^canqiles of substandaUy two-dimensional samples include tissue samples sucb as tiiin section slices 
(js,g.j ardiival or fiozrai tissue samples), tissue anays, cDNA or olher nucleic acid miooan^ 
protein mioioanays, 1-D protein gels. nucleic add gels, 2-D protein gels» and so forth. 

It is furttier contsnplated that die desoibed transfer mediods, airays, and devices can be 
5 used in forensic procedures to detect and study biological material sudi as bodily fluids to detect 
biological microbial) contamination of food or other substance^ and so fordi. In order to 
provide die sample in a substantially flat and diin format, substances may be suspended in a liquid or 
gas, then run dirough and optionally affixed to a filter such as a sheet of filter p^ier, with the filter 
then used as the transfer sample. By way of example, a soil sample or fluid sample could be so 
10 prepared for transfer. Some substances may be compressed into a substantially fiat form, for instance 
by rollers or anodier spreading mechanism; by way of example, a food sample (eg., ground meat) 
could be so prepared. Generally diese samples can be rofecred to as structurally transformed 
samples, because their format is altered to render them substantially two dunensional inior to transfo 
onto a membrane stack. 

IS Etaibodunents provided herein may be used to ideitify biomolecules (e.g., proteins or 

nucleic acids) m any biological sample including bodily fluids (e.g. blood, plasma, senim, urine, bile, 

cerebrospinal fluid, aqueous or vitreous humor, or any bodily secretion), a transudate, an exudate 
(ag. fluid obtained from an abscess or any other site of infection or inflammation), fluid obtained 
fix>m a joint, and so forth. Additionally, a biological sample can be obtained from any organ or tissue 
20 (includingorautopsy specimen) or may comprise cells. 

K Membranes 

Also provided herem are membranes, whidi can be used in the described mediods of 
biomolecule separation. 

25 In particular embodiments, the membranes comprise a material that non-specifically 

inca-eases the affinity of the membranes to the biological molecules (or a class of biomolecules sucb 
as jmteins or nucleic acids) that are moved through the membranes. For example, die memtanes 
may be dipped in, coated with, or impregnated with nitrocellulose, poly-Lrlysine, or mixtures 
thereof. In certain examples the membranes are not treated with a material diat blocks die non- 
30 specific binding of the biomolecules to the membranes, at least during transfer of the biomolecules 
through the membranes. However, in other embodiments, some such blocking agents can be added 
to the membranes, as long as the amount of blocking agent nunimizes die amount of biomolecules 
bound, without blocking it altogedier. In certain examples, blocking agent may be added to the 
membranes after transfer of the biomolecules through die membranes, but before or during »q[x>sure 
35 to the detectors. 

In particular examples, the membranes are sufficiently thin to allow the biomolecules to 
move duroiigh the plurality of memtames (for example 10, 50, 100 or more) m die stack. Such 
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mmhranes,fOT example, have a Mdmess of less than 30 m The membranes may be made of 
a mateial that does not substantially impede movement of tiie biomolecules tfttough Ae memlffanes, 
sudi as polycaibonate, cellulose acetate, or mixtures tiiereof . 

The material of Ihe membranes may manrtam a relative relationshq) of biomolecules as Ihey 
5 move through Ae membranes, so that die same biomolecule (or group of biomolecules) move 

throng die phnality of membranes at corresponding positions. In such examples, tiiis coherence of 
relative relationsh^)s allows Ae different membranes to be substantial "copies" of one anoth», mudi 
like a "carbon copy" would be. However, like a "carbon copy" diere may be some differwices 
between the diffCTcnt "copies" present in the different membranes. 
10 In some ranbodiments, a membrane stadc will inchide a number of individual membranes, 

for instance at least 2, at least 5, at least 1 0, at least 20, at least 50, or even more in some mstances. 
Membranes in the stack are generally constructed as described herem. Examples of die membranes 
are constructed of a porous substrate coated with a material that increases the afiBnity of the 
membrane to Ae biomolecules bemg transferred. The substrate may be constructed of polycarbcMiate 
15 or a snnilar polymmc material Aat maintains sufficient structural integrity despite being made 
porous and veiy thin. Representative mmbranes for use m the mediods, devices, and apparatuses 
have ahigh afBnity for proteins and/or other biomolecules, but have a low capacity for retaining such 
molecules. This bmdmg profile permits biomolecules to pass through the membrane stack widi only 
a limited number being tr^ped on each successive layor, thereby aUowing multiple "carbon copies" 
20 of the biomolecules in the sample to be generated. In other words, the low capacity aUows the 

CTcation of multiple replicates as only a limited quantity of the biomolecules is trapped on each layer . 

With reference to HG. 12, individual membranes 12 are constructed of a porous substrate 
90 coated with a material that mcreases the aflHni^ of the membrane to the biomolecules bemg 
transfraied. Substrate 90 is, for example, constructed of polycarbonate or a snnilar polymeric 
25 material that maintams sofBcient structural mtegrity de^ite being made porous and voy thin. 
However, m lieu of polycarbonate the substrate 90 may for example be constructed of celhilose 
derivatives such as celhilose acetate, as well as polyolefms, (eg., polyethylene, polypropylme, etc.). 

The illustrated membrane 12 todudes a coating 92 on its upper and lower surfaces to 
increase non-^ific binding of the protems or odier targeted biomolecules. AWiough die binding to 
30 the coating is "non-specific" in tiie sense that it does not recognize particular proteins or other 

biomolecules, such as particular nucleic acids, it may be specific in tiiat it recognizes and specifically 
' binds classes of biomolecules, such as proteins or nucleic acids, or combinations thereof Coating 92 
in specific disclosed embodiments is nitrocelhilose, but otiier materials such as poly-L-lysine may 
also be employed 

35 Before being appUed to substrate 90, the nitrocelhilose is dissoWed m methanol or otho- 

^propriate solvent m concentration fiwn 0.1%-l.0%. The membranes are unmersed m this sohition 
as described more fully m die Examples, below. La lieu of coatii^ 92, nitrocelhilose or other 



wo 02/48674 



PCT/USOl/44009 



-34- 

materials with an affinity for biomolecules can be mixed with the pofycartM>natB before the substrate 
is fanned diereby providing an uncoaled substrate having all of the desired charactmstics of the 
membrane. Alternative coating mefliods known in the art may be used in Ueu of dq> coating 
including lamination. Altetnatively, only one sur&ce may be coated, such as the surfece that feces 

5 the sample, instead of both surfaces. 

It is a particular feature of certain embodiments that memtones 12 have a high affinity for 
proteins and oth^ biomolecules, but have a low capacity for retaining such molecules. This feature 
pmnits the molecules to pass through the membrane stack with only a limited number being trapped 
on each of die successive layers thereby allowing multiple "carbon copies" to be generated In other 

10 words, the low capacity allows the creation of multiple substantial r^licates as only a limitBd 
quantity of die biomolecules are traiq)ed on each layer. If a membrane were used that had a high 
binding capacity for biomolecules-sudi as widi nitrocellulose membranes conventionally used with 
gel blotting-multiple replicas could not as easily be made. More specifically, the afBnity and 
capacity of membrane 12 should be such that when at least five and preferabfy more than ten 

15 membranes are stacked and applied to a sample according to a disclosed method, most of die 

biomolecules of interest can be detected on any and all of die membranes, inchiding diose positioned 
furthest from the sample. 

With reference to FIG. 13, the aforementioned technique may be described as "direct 
Cloture" since the target biomolecules 100 are captured directiy on the surface of membranes (or 

20 within the membrane), instead of being captured mdirectiy by a binding agent (such as an antibody 
or nucleic acid probe) applied to the membrane. During this disclosed process different components 
of the sample bind to the membrane with die same affinity, but directly proportional to their 
concentration in die sample (a component widi a higher concentration will leave more molecules on 
eadi membrane, and a component with a lower concentration will leave less molecules on each 

25 membrane). A detector molecule IIKI, such as a labeled antibody that specifically bmds to the 
biomolecule 100 at illustrated q)itopes 102, may be utilized to detect biomolecule bound to the 
membrane. In examples in which the amount of a component bound to the membrane is proportional 
to the amount of the component in the sample, an amount of the detector niolecule can be correlated 
to an amount (or relative amount) of the biomolecule detected. 

30 In order to achieve high affinity and high cq>acity for a particular group of biomolecules 

from a sample, coating of the membranes widi a captor molecule 106 is performed in the method 
described by Bigiert et al, {Cancer Research 60:1526-1530, 2000). This may be referred to as 
''mdirect capture" and is illustrated in FIG. 14. Captor 106 can be cDNA, antibody, or any other 
protein specific for die target of intoest Smgle-stranded cDNA molecules generated by number of 

35 means (Polymerase Chain Reaction, nick translation, reverse transcrq)tion, oligonucleotide syndiesis) 
or proteins (like inununoglobiilm) can be directly attached to the membrane. Alternatively, the 
linker-arms that would allow spatial control of the captor bmding could be directly attached to the 
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meaDobiane foUowed by captor attadment to ^em^ This wiUe^qpose the majority ofthe active target 
recogiutloa sites increasing tiiatw^ capacity of tiieiiMii^ Stiqitavidin coated membranes 

may be mnployed to bind oid-biotinylated nucleic acids and randomly biotinylated proteins, or 
protm A and protein G to bind immmioglobulins. 
5 In another embodiment (illustrated in FIG. 15), each of the membranes 108 comprise a 

ligand coating (e,g.y a miique ligand coating, in that it is different from the others in the stack) that 
selectively binds to proteins in the biological sample based on a particular characteristic of the 
protein chemistry (e.g. hydrophobicity, carbohydrate content, etc.) As a result, the membranes 108 
function to fractionate the proteins rather than replicate them as with membranes 12 in other 

10 described embodiments. Ilie coating could be made in many different ways so tiliat each membrane 
binds a selective subset of the total protein content in the sample. For example, carbon diams of 
increasing length, starting with a small carbon molecule can be used in the coating. Asthenumb^of 
carbons increases the abilify to bind to proteins ]n<aeases. Ihus, for exan^^le, the first layer may 
have a six caibon-cham coatmg and will aaiy bind to the most hydrophobic proteins in the sample, 

15 the remahung protems will pass tiuougb to the next layer; die second lay^ has an eig^t-caibon diain 
and will pull out slightly less hydrophobic proteins while die remaining proteins pass dirough; die 
third layer has a ten carbon-chain, etc. 

Thus, with another embodiment, each of the membranes will bind to a different group of 
proteins essentially permitting ''S-D gel electrophoresis" by allowmg proteins to be separated into 

20 three dimensions: in the X and Y dimensions by charge and mass, and then in the Z dimension by an 
additional diemical characteristic. The proteins on die membranes according to the second 
embodiment can be visualized by the immuno-staining and imaging methods set forth below. Tliey 
may also be advant^eous^ analyzed by mass spectrometry either widiout additional cleavage or 
after such cleavage (see, eg., WOOO 045168), or by other means. Examples of die methods and kits 

25 &cilitate such analysis because die stratification by die different membranes helps to expose 

moderate and low abundance protein spots that would odierwise be undetectable on standard 2-D 
g^ls. The more ^ts that are available for analysis, the more data can be generated by mass 
spectroscopy or by such other approaches. 

30 Other Membrane Characteristics 

It is a particular feature of some embodiments that membranes used for the transfer have a 
high affinity for proteins and/or odier biomolecules, but have a low capacity for retaining sudi 
molecules. This feature pennits the molecules to pass througji die membrane stack w^ 
limited number being trapped on each of the successive l^ers, thereby allowing multiple rqilicate 

35 "carboncopies" to be generated. In other words, the low capacity of the membrane material allows 
creation of multq>le replicates, since only a limited quantity of the biomolecules (eg., jnoteins) are 
trapped on each layer. 
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More spedfical]^, in specific embodimeiits the afiBnify and cq>acily of membrane should be 
sudi diat when at least five and preferably more tiian ten membranes are stacked and qyplied to a 
sample according to one of the provided methods, most of the biomolecules of interest can be 
detected on any and all of the membranes^ including tfiose positioned furthest fit>m the sample. If a 
S membrane used diat had a high binding capacity- sudi as the transfer membranes used with 
conventional gel blotting, multiple replicas could not be made in this manner unless the binding 
cspddty of the membrane was overv^efaned by the amoimt of biomolecule applied to the membrane. 

To maintain the binding capacity of membrane sufQciently low to avoid trapping of too 
much of die sample, ttie tliiclaiess of the substrate is, for example, less than about 30 microns, and in 

10 particular embodiments is between about 4-20 microns, for example between about 8 to 10 microns. 
Hie pore size of the substrate is, for example, between about 0.1 to 5.0 miaons» such as about 0.4- 
0.6 microns, and more specifically 0.4 microns. Another advantage of using a thin membrane is that 
is lessens the phenomenon of lateral difiiision. The thidcer the overall stack, the wider die latefal 
diffusion of biomolecules moving through the stack. 

15 It will be s^preciated that because the size of the membranes m the stack/array can be 

varied, the user has die option of analyzing a large number of different samples in parallel, thereby 
pemiitting direct comparison between different patient samples (eg., different patient samples, or 
patient samples and a reference standard, or samples of different tissues or species, etc.). For 
example, different samples fi:om the same patient at different stages of disease can be compared in a 

20 side-by-side arrangement, as can samples from different patients with the same disease. By way of 
alternative example, the area of protein separation resulting from most 2-D gels is generally between 
about 10x10 cm to 20x20 cm; m«nbranes used for transfers of 2-D gels may vaiy accordingly. 

Membrane Construction 

25 The membrane substrate includes a coating on its upper and lower surfeces to increase 

specific bmding of die proteins or othor targeted proteins. The coating is preferabfy nitrocelhilose 
but odier materials sudi as poly-L-lysme may also be employed Before being applied to substrate, 
the nitrocellulose is dissolved in methanol or other appropriate solvent in concentration from 0.1%- 
1.0%. The membranes are immersed in this solution as described more fiilly in the Examples, below. 

30 Id lieu of coating, nitroceUulose, or other materials with an affinity for proteins, can be mixed with 
the polycarbonate before the substrate is fomied thereby providing an uncoated substrate havmg all 
of the desired characteristics of the membrane. Alternative coating methods known in die art may be 
used in lieu of dip coatmg, including lamination. In all instances it should be understood that 
preferably only one surfece — the surface that feces the sample coated or treated, instead of both. 



35 
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Frcaned mButbranes 

In anodier snbodiment, with refearence to FIGS. 16-18» framed membrane stack 110 
comprises a plurality of individual memibrane miits 112 releasably secured to one anodic. Each 
membrane unit 112 comprises a membrane 12 having a fi:ame 114 mounted about die perq>hery 
5 thereof. Membrane unk 112 can vary in size but should be large enough so tiiat membra^ 
ovo'lay a typical electrophoresis gcL 

The numb^ of membrane units 112 included in stack 110 can vary depending on the 
number of proteins to be detected from the gel For most applications, from 3 to 25 or more 
membranes will be sufficient, preferably from 5 to 15 and most preferably about 10 to 12. The entire 

10 thickness, Ts, of stack 110 (FIG, 16) is in some embodiments no more than about 025 cm. 

In some embodiments, in order to give each membrane sufficient rigidity to enable it to be 
separated &e other membranes in stack 110 and individually processed, a frame 114 is mounted onto 
the perq>hery of membrane 12 hereby forming membrane unit 112. Frames 114 preferably comprise 
a general]^ "2** shaped configuration covering three sides of tiie mmbranes while defining an open 

15 space or gap 120 tibat functions as a chaime] to permit die manual removal of air pockets or fluids in 
the manner desaibed. 

The composition and dimensions of frame 114 should be such that die frame provides 
sufficient rigidity for the user to grip the frame with one hand and manipulate the membranes as 
needed. At the same time, the frames must be sufficiently thin so that when stacked they do not 

20 interfere with protein transfer from the gel onto the membrane stack 110. Each membrane 12 in 
stack 110 should be cq>able of making direct contact with adjacent membranes during die transfer 
process described herein. 

Hie widdi W (FIG. 18) of frame 114 is iHeferably betweoi about 03 to 0.7 cm and the 
thickness of die frame, T^ is between about 0.005 to 0.03 ran., most preferably about 0.01 cm thick. 

25 Thus, frame 114 is about t^ times thicker dian membrane 12. In certain embodunents, the materials 
that comprise frames 1 14 are able to maintain their structure and frmction at temperatures of iq> to 
80' C but are able to meh when {q^plied to a typical heat-sealing apparatus. One skilled in die 
relevant art will readily appreciate that a variety of compositions and configurations of frames 114 
could meet these requirements. Examples of materials that may be employed to make frames 114 are 

30 transparency film available from Canon or any thin plastic sheet made of polycarbonate, polyester, 
polyvinylchoride or polyvinilechloride. 

As best viewed in FIG. 17, a pair of outwardly depending tabs 116 is defined by frame 114. 
Each tab is adapted to be sealed to the corresponding tab on an adjacent membrane so as to hold 
stack 110 together during the gel transfer process. After die proteins are transfeired onto the 

3 5 membranes tabs 116 are cut widi a scissors so diat the m^branes may be separated and incubated in 
separate detection solutions. 
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At least one side of fiame 114 defines a sur&ce 118 upon whidi indicia may be inqirinted 
Hie indicia may include the name of the product or manu&ctuier or die membrane number. 
Machine-readable mdida such as a bar code or die like (not shown) may also be provided 

Frames 114 m^ be mounted to the perim e ter of membranes 12 by various means readily 
5 fimiiliar to those skilled in the art including use of adhesives such as rubber cement or 3M adhesive 
or conventional heat-sealing or laminating tedmiques. 

VI, Analysis of Membrane Replicates 

After transfer, the processed membranes (or layers) can be separated and each incubated 

10 with one or more different detector molecules (such as nucleic acid hybridization probes, lectins, or 
antibodies) specific for particular targets of interest In cotain embodimraits, the detectors/probes 
employed are labeled or odierwise detectable using any of a variety of techniques sudi as 
chemiluminescoice. Ihus, v^e eadi membrane has essentially die same pattern of biomolecules 
boimd to it» different combinations of biomolecules can be made observable on each membrane by 

15 selecting particular imibes to be ^jplied and detected. 

By way of example, one m^brane layer may display proteins involved in programmed cell 
death (q)optosis) while an adjacent layer may display enzymes involved m cell division such as 
tyrosme kinases. 

In addition to proteins, nucleic acids may be targeted and detected by using labeled DNA 
20 hybridization probes radier than antibodies. Moreover, both protein and nucleic acid targets can be 
detected in parallel by applying both antibodies and nucleic acid probes to different layers of die 
stack. Similarly, carbohydrates can be detected using carbohydrate-binding molecules such as 
lectins. 

Digital images of mCTibranes may be created using a variety of instruments including die 
25 Image Station® CCD instrument available fix>m Kodak Scientific Imaging (Kew Haven, CT). 
Alternatively images may be cs^tured on fihn (such as X-ray fihn) and digitalized by flat bed 
scanners. Software is preferably provided to align die hnages and perform d witometry fimctions. 
The user can select die region of interest for analysis and the signal int^ities are recorded and 
normalized. The numerical intensity values are then compared. 

30 

For analysis of transferred proteins, after the transfer by any of the herein-described protein- 
transfer techniques, the membranes are sq>arated from stack and each is incubated in a separate 
solution of primary antibody specific for a desired protein. Only the band containing this protein 
bmds die antibody, forming a layer of antibody molecules. After incubation for about 1-8 hours, die 
35 memlnanes are usuaUy washed in buffer to remove unbound antibody. 

For detection of die proteins on the membranes (in die form of bands, spots, or *^in sitiT 
fixmi tissue transfers), the loaded mraibranes are incubated in a secondary antibody that binds to the 
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primaiy antibocfy. Ibesecondaiy antibody be coval^itiy linked to an 
hoismdish peroxidase (HKP) or alkaline phosphatase (AP) that catalyzes substrate and {nxitein / 
antibody conq>lex can be visualized using a number of tediniqaes such as ECL» direct fluorescence, 
or colorimetric reactions. ECL is preferred. Commercial^ available flatbed scanners may be 
5 employed in conjunction with flhn. Alternatively, specialized imaging instrumentatioQ for ECL^ 
such as the Kodak IMAGE STATION available from NEN may be utilized and digital imaging 
soflware can be employed to display the images according to the preference of the user. 

In tieu of antibodies, other ligands may be employed as detectors. Ligands can be antibody 
fragments, receptors, receptor ligands, enzymes, viruses or viral particles, enzyme substrates or other 

10 small molecules that bind to specific proteins. Moreover, in addition to identifying proteins of 

interest stnicturaUy, kits can also be onployed to identify the fimctional state of protems. Oneway 
to do so is to use phospho-specific antibodies to determine the phoq>horyIative state of protein(s) of 
interest Anodier ^proadi to identifying i»x)tein foncticm is to first naiatnre fbe proteins on die 
membranes by any of a number of techniques known m the art such as incubating the memlxane in 

15 Triton-X®(octy]phenolpofymaized with ethylraie oxide). Once renatured, proteins will regain then: 
emcymatic activity and one of several substrate degradation assays known in the art can be used. 
With this ^proach the activity of kinases, phosphates and metaUoproteinases can be determined. 

Panels for scientific research may be grouped by the proteins involved in a particular 
cellular phenomenon such as £q)optosis, cell cycle, signal transduction, etc. Panels for clinical 

20 diagnostics ms^ be grouped by proteins associated with a particular disease such as Al^eimer's 
disease, prostate cancer, etc. 

In many embodnnents, the detectors/ligands employed are labeled or otherwise made 
detectable using any of several tedmiques, such as enhanced chemiluminesc^ce (ECL), 
fluorescence, counter-Iig^d staining, radioactivify, paramagnetism, ^izymatic activity, differential 

25 staining, protein assays involving nucleic acid amplification, etc Hie mmbrane blots are preferably 
scaimed, and more preferably, digitally imaged, to pennit their storage, transmission, and reference. 
Such scanning and/or digitalization may be accomplished using any of several commercially 
available scientific imaging instruments (see, e.g., Patton et al.y Electrophoresis 14:650-658, 1993; 
Ti&UetaL, Electrophoresis 12:46-54, 1991; SpTaggetal.,Anal Biochem. 129:255-268, 1983; 

30 GaxnsonetaL.JBioL Chem. 257:13144-13149, 1982; all herem incorporated by reference). 

Example Detection Chemistries with Detector Cocktails 

In certain embodiments, after protems have been transferred through the membrane stack, 
individual membranes layers are separated and each is incubated in a separate antibody (or odier 
35 detector molecule) cocktail A k^ advantage of creating multiple replicate blots is that many more 
detector molecules (e.g., antibodies) can be usefully employed than if aU of the detectors had to be 
oowded onto a smgle blot 
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An exemplaiy process for designing tiie ligand coddaOs - and for detennining which 
proteins will be id^itified on eadi membrane layer - is provided below. First flie panel of proteins of 
interest is selected. These can be randonily selected proteins and/or proteins that are not dire^ 
related to one another or may be groups of known proteins previously implicated to play a role in one 
S or more particular cellular phenomena (eg. ^K>ptosis, cell cycle progression) or a particular disease 
(eg. prost a te cancer specific antigen, PSA). These should be proteins that have been characterized 
by sequence or coordinates on 2-D gels or for which ligands have been or could be generated. Data 
bases of annotated 2-D gels include die Quest Protein Database Center (http-J/siva.cshLorg), the 
Swiss 2-D PAGE database (http://expasy.cbr.Drc.ca/ch2d) , Appel et aL Electrophoresis. 14(1 1): 1232- 
10 1238, 1993; the Danish C^tre for Human Genome Researdbt (http://biobase.dk/cgi-bm/celis) . Cells 
e/a/l,F£ASXett398(2-3):129-134, 1996, etc. Antibodies may be obtained from a variety of sources 
such as BD Transducticm Laboratories (Lexington, KY) or Santa Cruz Biotechnology (Santa Ciuz, 
CA,USA). 

Aldiough, as discussed above, any of a broad class of ligands may be employed, for 
1 5 simplicity die embodiment is illustrated with refer^ce to die use of antibody ligands. 

Immunological identification of the protems on the membranes thus preferably involves the selection 
of antibodies having a high afOnity and specificity for their targets. However, antibodies, both 
monoclonal or polyclonal, fi^quently recognize more then one protein in Western blotting detection. 
This cross-reactivity phenomenon becomes increasingly apparent as the concentration of antibody 
20 increases relative to that of the sample proteins. Hence, the first step in the antibody selection 

process preferably involves choosing antibodies (and their woridng concentrations) diat consistent^ 
visualize preferably 1 but no more then 5 proteins on the same membrane. When the detector 
antibody binds to more than one spot, die imdesired proteins C'&lse spots") can be eliminated based 
on dieir X- Y positions on the membranes. Since the molecular weight and charge (pi) of a given 
25 protein is generally constant, it should qipear at about the same coordinates on the gel each time it is 
run. 

If two or more proteins m a sample are of similar size and charge - and therefore migrate to 
the same general vicinity on the gel — they would likely create overlappmg spots if detected on the 
same membrane. In a preferred embodiment, examples of the method avoid diis problem by 
30 designing die antibody cocktail to detect adjacent or overl^ping proteins on different membranes. 

The cocktail design process can be readily understood with reference to the following 
hypodietical example (iUustrated in FIG. 19). For simplicity in this example, diirteen protems 
annotated as A-M in FIG. 1 9A are sought to be identified using only a dire&-layer membrane stack. 
The ligands employed in the example are antibodies, and three cocktails, one for each stack, each 
35 widifr)urtp six differmt antibodies, are employed. 

For the first membrane cocktail (corresponding to layer one) antibodies are screened for 
protein spot A and the most specific antibody is selected. Antibodies for spots B-E are picked die 
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samew^. Because spots F and G overlap witti spot £ these are pot aside for o&erlayo^^ Hie 
second and duid coddails (corresponding to membrane l^ers two and diree) are crealed using tiie 
same considofations: (1) iftfae spot position generated by any two antibodies cannot be easify 
distinguished, the antibodies will not be used in the same cocktail; (2) if any antibody results in a 
5 backgroimd spot near the spot g^erated by another antibody, the two antibodies will not be included 
in the same codctail unless the bacl^;n>und spot is remote from other spots on tiiat lay er (e g. spots B 
and D on layer 2 created due to cross-reactivity from antibodies directed to other spots), m which 
case sudi cross-reactivity is simply ignored wh^ the membrane spots are compared to the template. 
Applying these considerations to the hypothetical example results in three cocktails corresponding to 

10 die l^ers iUustrated m FIG. 19B-D. 

Once assembled, the antibody cocktails will be additionally tested for dieir specificity by 
two different control tests. In a first test, membranes made from die transfer ofa single gel (or fitim 
several gels that contain the same sample and were prepared in die same mannar) will be probed widi 
cocktails diat diff^ in only one antibody component (each coddail will lack one of the antibodies). 

15 As a result of this procedure, immunoblotted membranes should di£fer fit)m each other in only one 
spot In a second test, antibody cocktail will be incubated for 0.5-12 hours at 4-25 °C with a mixture 
of epitopes (peptides or proteins) that are used for immunization. During this incubation, free 
antibodies bind to the appropriate epitopes and become immobilized and frmctionaUy inactive. Since 
the cocktail becomes depleted of free antibodies subsequent incubation of the membrane with this 

20 free antibody depleted mixture should yield no s^ific signal. 

Each codctafl will also mchide one or more antibodies against ''housekeeping*' proteins (^e., 
abundant structin:alprotemsfr>und in aUeukaryotic cells such as actin,tnbul^ Thus,for 
exsmplc, the antibodies employed widi respect to membrane Layor #1 of FIG. 19 will contain an 
antibody to actin, which will result in die production of a spot These antibodies serve as internal 

25 landmarks to normalize samples for loading differences and to conq)ensate for any distortion caused 
by gel running process. Once the cocktails are designed, they can be reused in any kit that seeks to 
identify the same panel of proteins that were identified in oeadng the codctails, regardless of the 
origin of the sample. 

It will be appreciated that the present disclosure allows not only the simultaneous 

30 characterization of a large number of different proteins but also permits the characterization of a 
large number of characteristics of a single protein based on number of difTerent characteristics. For 
example, die {Hrotein p70 S6 kmase, required for ceU growth and cell cycle progression, is activated 
by phosfdiate group attachments ^hosphoiylation) to direonine on position 229 and/or 389 of the 
protein. Identification of tiiis kinase would provide not only a detennination of its presence or 

35 absence but also a demonstration of hs activity. By way of example, widi a kit contammg at least a 
four-membrane stack, four copies can be made of a 2-D geL The first membrane would be incubated 
in antibody specific for the whole protein to detennine if tius en^me is present in die sample or not 
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Hie second membrane can be used in kinase ass^ to detennine if the enzyme is active or not The 
tiiird membrane can be probed widi phospho-p70 S6 kinase (Thi229) antibody to detsmine if 
activity ofdie enzyme is due to activation of this site. The fourth monlnane can be probed with 
phospho-p70 S6 Kmase (Jbr3 89) antibody to detmnine if the activity of ti\e enzyme is due to 
5 activation of that site. And since all oftiiese tests are done on die single sample (rattier than difi^rent 
batches of the same sample) the infonnation obtamed is more reliable. 

Antibody codctails (such as tiiose illustrated in FIG. 4 and 5, reference number 38) are 
preferably stored in vials, preferably made of plastic or glass, and are optionally combmed in a kit to 
aeate a '*paner of protein targets of interests. Panels for scientific research may be grouped by the 
10 proteins involved in a particular cellular ph«iomenon such as apoptosis, cell cycle, signal 

transduction, etc. Panels for clinical diagnostics may be grouped by proteins associated widi a 
particular disease such as AMeimer's, prostate cancer, etc. 

m Kits 

1 s Odier embodiments of the disclosure include kits tiiat contain a membrane array for 

detecting biomolecules (sudi as protems or nucleic acids) m a sample. Hie array inchides a plurality 

of membranes, each of which has a non-^)ecific or substantially same affinity for the biomolecules. 

Certain provided kits also inchide one or more containers of detector molecules, such as antibodies or 

probes (or mixtures of antibodies, mixtures of probes, or mixtures of the antibodies and probes), for 
20 detecting biomolecules captured on at least one of die membranes. In particular examples of the kit, 

the membranes are polymer substrates containing or coated widi a material (sudb as nitrocellulose) 

for mcreasing an affinity of the substrate to die biomolecules. 

Kits may additionally contain reagents for effecting die detection of detectoi/Ugand- 

biomolecule binding, buffer, and/or instructions or labels that indicate the particular detector or 
25 detector cocktail to be applied to a particular membrane. Software such as diat discussed herem may 

also be mduded in die kit or may be accessible via modem, die Internet, by mail, or by odier means. 
Primary antibodies to particular groups of proteins, such as biodiemical pathways may be 

optifmally included with a kit Attematively the user can supply primary antibodies. 

Ihe mediods and kits allows up to several diousand discrete protein spots to be identified, 
30 annotated, and, at the user's option, compared to die pattern of protein spots generated from otiier 

biological samples stored in a database. 

Certain kit embodiments have been discussed above, mcluding first kit 36 and second kit 58. 

Also provided is anodier specific embodhnent, directed to a method and a kit 122 for identifymg {Le. 

detecting, aimotating, and/or characterizing) groups of proteins that have been separated by gel 
35 electrophoresis. As ilhistratedm FIG. 20, refffesentative kit 122 comprises die followmg 

components: (i) a membrane stack 13 or framed membrane stadc 1 10 (as ilhistrated) \xp<m which the 

proteiDS are transferred, (ii) protem transfer reagent(s) 124 and (iiQ protem detector molecules, such 
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as stain 126 and protem-specMc detector mole^ Tbe kit also include software 46 (not- 
shown in FIG. 20) fbat allows the user to analyze and numipulfltf the images produced so as to yield 
a "proteomic image" of tiie biological sample being tested and conq»re it to proteomic images from 
odier samples in a database. Alternatively the software nu^ be acquired or accessed independent of 
5 Hiekit 

In some embodiments, transfer reagent is also provided with a kit Examples of transfer 
reagents include Tris, Phosphate, Tris/Glycine or Phospbate/Glycine buffers with an alkaline pH 
(eg., 8.0-9.5), with or without methanol (usually 20% or less) and/or SDS (m some embodiments 
0.05% or less, and in particular ^bodimmts 0.025% or less). Specific examples of transfer reagent 

10 suitable for use in examples of such kits are in the Examples. 

In addition to identifying proteins of int^^ structural^, kits are provided that can be 
employed to identify the functional state of proteins. One way to do so is to use pho^ho - specific 
antibodies to determine the phosf^oiylation state of protein(s) of interest Anotho: approach to 
identifying protein fimction is to first renature the proteins on the membranes by any of a number of 

15 tedmiques known in the ait (such as incubating tiie membrane in lYiton-X-lOO (S> (octylphenol 

ethylene oxide condensate). Once renatured, some proteins will regain their fimctional activity and 
one of several substrate degradation or modification assays known in ait can be used. With this 
q>proach the activity of kinases, phosphates and metalloproteinases, etc., can be determined. 

20 VUL Devices and Appevatuses 

In certain provided embodiments, particularly those which employ contact transfer, the 
transfer can be effected tiy placmg the assembled membrane stack into a gel drier-type apparatus, 
which qiplies heat and/or pressure to tiie stack. Tbe combination ofheat and pressure being applied 
causes biological con^nments, including proteins and/or nucleic acids and/or carbohydrates and/or 

25 l^ids, to be transferred fiom the sample 11 to mranbrane stack 13. Hiis produces multiple copies or 
i^licas of the biomolecular content of the tissue sample, due at least in part to the binding 
characteristics of the membranes. 

In lieu of gel dryers, a specialized instrument 130 (FIG. 2 1) may be employed to provide 
heat and/or pressure to the sample and membrane stack. The instrument comprises a body 134 and a 

30 lid 136, each having a face 132a, 132b which serves as one of the substantially flat surfaces 132. 

The sur&ces may be provided by the upper face 132b of the body 134 and the lower face 132a of the 
lid 136 directly, or may be provided by a substantially flat panel or other flat object disposed on a 
fece 132a, 132b of the body 134 or lid 136. 

One or both of the substantially flat surftices may protrude in order to ensure adequate 

35 contact to provide pressure between &em. In the illustrated embodiment, fcx* instance, the iq[>per 
substantially flat &ce 132a is a surface of a member fliat protrudes from Ae lower &ce 132a of the 
lid 136. In some embodiments, one or flie other or both of the substantially flat surfeces 132a, 132b 



wo 02/48674 



PCT/USOl/44009 



-44- 

be coiiq)ressible (for instance, sQme\^ spongy), to iurflier ensure tbat pressure qiplied to the 
sample and mGoibrane stack is relatively conq>lete and even aooss the sui&ce of die stacL 

"^Hie lid 136, in scHne provided embodim^ including diat illustrated in FIG. 2 1 may be of 
sufficient weight to provide sufficirait pressure to a sample and membrane stadc placed und^ the lid 
5 136 so diat it &cilitatesbiomolecule transfer as desoibed herein. Sudi weight is not required, but in 
those ^bodiments wherein tiie lid 136 does not provide sufficirait weight, anodier mechanism for 
applying pressure is included Sudi means includes for instance a separate weight (not shown), sudi 
as a weight 34 placed on the upp^ surfece of the lid 136, clips, springs, clamps or the like that 
urge die lid 136 toward the base 134 with sufGcient force to provide the amount of pressure needed 

10 to facilitate transfer. 

In some embodiments, the lid 136 may be hingedly attadied to the body 134, such diat 
when the lid 136 is lifted it does not come fully away from the body 34 but remains connected m at 
least one place. In the illustrated example (EIG. 2 IX two hinges 138 are provided to maintam the 
coimection b^een the body 134 and the lid 136. La particular mbodiments, the hinge or hmges 

15 138 are ^'loose" or "floating,** m that diey permit some pk^ between the lid 136 and the body 134. 
This play permits the device to accommodate assembled contact transfer stacks of different thickness, 
while still adequately q>plying sufficient and even pressure to die stack. Though some embodiments 
are large enough to accommodate multiple stacks in side-by-side arrays, it is not recommended that 
stacks of substantially different thickness be transferred in the same device at the same time, as the 

20 applied pressure may not be adequate on thinner stacks when a substantially thicker stack is present 
between die faces 132a» 132b. 

Some embodiments of the device 130 are capable of siqpplying heat as well as pressure to 
the contact transfer stack. These embodimrats may contmn, for instance, a heater element (not 
shown) m the body 1 34 or the lid 136, or both, that provides heat to one or both of the substantially 

25 flat fiices 132a, 132b. Examples of such heated devices 130 will be equq>ped with an intranal or 
external power source, for instance a battery (not shown) or connection to a source of ahemadng 
current (not shown). Methods of and mechanisms for providing heat to a surface are well known, as 
are thermostats for controlling the level of heat provided. Specific examples of heated devices 130 
will include a mechanism for controlling whethor or not heat is generated (ag., an "ON/OFF' switch 

30 140 as shown in FIG. 21), a medianism for regulating die level of heat produced (e.g., a thermostat, 
with or without a user control), and/or an indicator that indicates when the device is heating or 
heated. In die illustrated embodiment, an indicator light 142 is provided, which is capable of 
indicatmg wh^ die device reaches a factoiy-set temperature (e.g., 80 *CX and is thus ready for use. 
Specific examples of die heated device 130 that include a heater element m bodi die Hd 136 

35 and die body 134 may inchide a mechanism or control (such as dial 144) for selecdng whetiier one, 
the odiOT, or bodi heater elements are engaged when the device is tamed on. 
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DL Applications 

The heat and pressure qiplied to contents of flie eaclosure peimit protehis and odier 
molecules to be tiBOsfioiedfinm die embedded celhilar material t^ Hiis 
pnMiuces multiple copies or replicas of die biomolecular content of the cellular sample. The 
5 processed monbranes (or layers) are dioi separated and eadi is incubated widi one or more different 
probes or antibodies specific for particular targets of interest The probes employed are labeled or 
otherwise detectable using any of a variety of techniques sudi as diemihiminescaice. Thus, while 
eadi membrane has essentially the »ane pattem of proteins bound to it, different combinations of 
protems are made visible on each membrane due to the particular probes or antibodies selected to be 

10 applied For example, one membrane layer may display proteins involved in programmed cell deadi 
(apoptosis) while an adjacent layer may display enzymes involved in ceU division such as tyrosine 
kinases. In addition to proteins^ nucleic adds may be targeted by using labeled DNA probes in lieu 
of antibodies. Moreover, bodi protein and nucleic acid targets can be detected in parallel by applying 
both antibodies and probes to dififoenth^ers of die stack. Commercially available flatbed scanners 

1 5 and digital imaging software can be onplcyy ed to displ^ die images according to the preference of 
the user. 

With reference to FIG. 20, kit 122 may be used to identify proteins that have been separated 
on electrophoresis gels, both two-dimensional gels and one-dimensional gels. Proteins are isolated 
from a biological sample and separated on the gel according to techniques well known in the art, 

20 such as those described herein and in Manabe, Electrophoresis, 21(6): 1116-1 122, 2000; Oh et aL, 
Electrophoresis. 20:766-114, \999;Dwm, J Chromatogr. 418:145-185, 1987, 

In some embodhnrats, after gel 50 is run, it is removed from the electrophoresis q)paratus 
and sandwiched and placed in a transfer ^paratus such as the type typically used in creatmg Western 
blots. Sudi devices are available, for example, from Biorad Labcvatories, bic, Novex, Inc. and 

25 Amersham Pharmacia. Membrane stack 13 is positioned between die electrodes adjacent to gel 50 as 
illustrated in FIG. 22. While only about a half-dozen membranes are shown in FIG. 22 it will be 
appreciated that up to one hundred may be employed depending on the number of targets sought to 
be identified in a panel, the quantity of proteins present in the sample, and the thickness of the 
material employed to construct membranes 12. Optionally, membranes 12 may be packaged in a 

30 suitable sealed enclosure or frame (not shown) to maintain their integrity and prevent contamination. 
Sponge pads 130, preferably constructed of foam, rubber or filter paper and layers of filter paper 14 
are also sandwiched between the electrodes as shown m FIG. 22. 

l^misfer bufTer (25 mM TVis pH 83, 192 mM glycine, 0.025% SDS and 20% medianol) is 
applied to elute and transfer proteins fiY»n the gel 50 to the membranes 12. Any of a variety of 

35 convoitional mediods for effecting such transfer may be employed, including wet tank transfer, and 
semi-diy transfer. In a w^ tank transf^, the m^branes are immersed into a tank contaming buffer; 
m a semi-dry transf^, die membranes are blotted widi moist pads. In bodi cases, the membranes are 
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subjected to a voltage potential (e^, 125-150 mAnqis for 1-10 hows). In sudi transfer, it is 
inqwitant that a tig^ contact be created between &eme^ Wet tank transfer is 

piefem± Foramembraneof 10 x 10 cm^ a tank containing 400-500 ml of buffer may be 
enq)lpyed. Preferred transf^ conditions are 60-1 10 niAnqis for 1-2 hours. 
5 After transfer the membranes are separated and incubated with detector antibody(s). 

Antibodies are selected based on the types of target molecules sought Membranes are washed in a 
buffer, and the protein / detector complex can be visualized using a number of techniques such as 
ECL, direct fhiorescence, or colorimetric or calorimetric reactions. Conunercially available flafl)ed 
scanna:s may be ^ployed in conjunction with film, to detect or record signals. Alternatively, 

10 specialized im^g instrumentation for ECL), sudb as the Ko^ IMAGE STATION (NEN) 
may be utilized. Digital imaging software can be employed to displ^ die images according to the 
preference of the user, as discussed hereiiL 

In addition to use with 2-D gels, jrovided mediods may be oi^iloyed to identify protems 
tiiat have been separated by a 1 -D gel sudi as convoitional gels for separating protems by size, and 

15 gel shift asss^ Gel shift assays (also known as "mobility shift assays'^ are the most commonly 
used tool for studying protein - DNA intmctions. The assay is based on labeling of the DNA 
fiBgment that contains presumptive protein binding site and incubation of diat labeled fragment with 
protein that binds to that site. If they interact, complex will be formed. If source of protein is a cell 
extract (radier than a solution of m vitro synthesized proteins), the complex may contain number of 

20 proteins, of unknown identity, that interact with each other. After binding, a mixture of DNA and 
proteins is loaded onto a non-denaturing polyacrylamide gel and the proteins are separated based on 
their size. DNA-protein complexes are visualized by exposure to X-ray filni, or by other means. Hie 
hi^er the bands are in the gel, the larger the size of the DNA-protein complex. In most cases, tiiis 
type of ana^is does not reveal identity of the protem(s) in the complex. 

25 As illustrated m FIG. 23, membrane stack 110 may be used to identify biomolecules diat 

have been separated on electrophoresis gels, including proteins that have been separated on one- 
dimensional (1-D) gels 132 or two dimensional (2-D) gels (such as 50, not shown m this figure) as 
well as nucleic acids that have been separated on agarose gels. The following descrq)tion relates to 
use of ^bodiments in conjunction with protein detection of 1-D gels. 

30 Proteins are isolated from a biological sample and q)plied and separated onto a gel 132, 

typically a sodium dodecyl sulfate - polyacrylamide gel, which is cast, for example, as a square slab 
gel widi a thickness between 0.5 to 2.0 mm. Pre-cast gels useful with die present disclosure can be 
obtained frcmi a variety of supplieis incfaiding InVitrogen (Carlsbad, CA). 

Unlike widi conventional blotting, wherein less than 30 micrograms of protem is loaded mto 

35 each well of die gel, according to ^cific mettiods herein between about 50 to 100 micrograms of 
protein is loaded into each weU. Hie amount loaded will depend upon the number of "copies" of 
membranes to be created and size of the protein one wishes to d^ect (see Example 11). 
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In some embodnneiits^ flie componeDts of transfer buffer 124 are provided in s/cpdisto 
containers, which are combined and ^plied to ehxte and transfer proteins firom the gel 132 to the 
membranes 12. About 500 milliliters ni^ be used in each transfer, widiavera^ 
transfer being about 1-2 hours. Witii reference to FIG. 23, 24, and 6» separated proteins on gel 1^ 
5 are transfened to framed mmbrane stack 110 (tiiough a stadc of unfiamed membranes could be 
used) by one of several ahemative tedmiqoes. 

A first tedmique, illustrated in FIG. 24, involves electric transfer using a standard gel 
electro-blotting qjparatus sudb as the MiniCeH unit ^io-Rad Laboratories, CA). Gel 132 is r^oved 
from the electrophoresis apparatus and placed adjacent to membrane stack 110. The gel 132 and 

10 membrane stack 110 are i^m placed betweoi the anode 134 and cathode 136 of electro-blotting 
^paratus 138 with sponge pads 130 positioned as shown. The electro-blotting apparatus 138 is 
activated with a voltage of about 59-63 volts for about 60-70 minutes. 

A second transf^ technique (referred to as bi-directional contact transf^) is illustrated in 
FIG. 6. Here first and second membrane stacks 13a and 13b sandwidi gel slab 54. A pair of filter 

15 pads 24 and 26, for instance constracted of a blotting paper sudi as GB004 Blotter Paper available 
from Schleicher and Schuell, are provided adjacent to the membrane stacks as shown. Filter pads 24 
and 26 are saturated widi a transfer buffer such as TRIS or phosphate base buffers. 

A collapsible, fluid impervious enclosure 28 is provided to envelop the pads, membrane 
stacks, and gel as shown in FIG. 6. Plastic bag enclosure 28 is preferably a heat scalable pouch such 

20 as those available fit>m Kapak Corp. (Minneapolis, MN). In many embodiments, it is best to remove 
mont of the air from bag 28, for instance by gentle squeezing and/or vacuum suction. The bag is then 
sealed by a heat sealer such as tiie Impulse Seakr (Amoican International Electric). Enclosure 28 is 
tben placed between a pair of heating elements 56a and 56b sudi as those provided in Gel Dryers 
manufricturedbyBio-RadLaibQratoriesCHetculeSyCA). Hie bag and its contents are preferably 

25 heated to a temperature of between about 50 to 90* C, preferably to about 80* C for about 2-4 hours. 
Pressure is preferably qiplied throughout liie heating process using a weight 34. Alternatively, a 
^ecific device for qyptying heat and/or pressure (such as that illustrated in FIG. 21) can be 
employed. 

Hie heat and pressure applied to contents of the enclosure permit proteins and other 
30 molecules to be transferred from die gel to the membrane stack. This produces multq)le copies or 
replicas of die biomolecular content of the gel. 

hx addition to then: use in identifying the proteins of the proteome, the mediods and kits 
provided hmin can be used to measure the omcenliation of a protein (either in absolute terms, or 
relative to ^econcoitration of anodier protein). Likewise, they can be used to measure the 
3 5 distribution of variants of a inrotein, and to identify proteins tiiat are analogous in structure or 

fimction to identified (eg., human) proteins, or to identify plant clones or transgenic animals that 
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eqiress a particular piotem or protein variant 
phenotype). 

ImagjsAnafysis Software 

5 Software 46 is made available to users of any of tiie provided kits by providing it on a 

diskette to be included wiftdn the kit (&g., kit 36, 58, or 122) or by making it accessible for 
downloading over tiie Internet or a private Intranet netwoik, or by other means. The function of 
software 46 is to translate the visible spots generated by detector molecules (such as antibody 
cocktails 38) into useful information about the proteome of the sample being tested This 

10 information primarily includes the quantity of the proteins in die test sample relative to a control and, 
in some cases, information about certain functional aspects of these proteins. Suitable software can 
be obtained from, or adapted from, any of a variety of sources (e g. , 
htlp:/Avww.2dgels.oom/home.htnil and http://expasy.proteome.org.au). 

Aftn it is determined which molecules (eg:, proteins) will be identified on each lay^ for a 

1 5 given panel/kit, a template image such as that shown for a 2-D gel (reference numeral 140) is created 
correspondmg to each layer (FIG. 25) and stored in software 46. In this example, the 2-D gel X-Y 
coordinates of each protein can be ascertained from any of a number of references and databases. 
Thus, refeiring to FIG. 25, template image 140 is the image of what a membrane would look like if 
all of die targeted proteins assigned to the layer are present in the sample being tested along with the 

20 landmark "housekeeping*' proteins 142a, 142b9 142c. Each antibody cocktail generates a unique dot 
pattern on the corresponding membrane to which it is applied as a result of the selection process 
outtmed above. A template membrane 140 wiU be used by image processing software to anafyze 
e:iq)erimental membranes generated by users. Important feature of the template is existraice of the 
internal landmarks 142. These spots will originate from tiie set of antibodies targeted against 

25 housekeeping proteins present m every sample regardless of origin. Since ^eirrelationsh^ always 
stay the same tl^e landmarks will serve to normalize samples for loading differences and to 
compensate for any distortion caused by gel running process. 

Image analysis will start with digitalized hnage(s) of die exp^imental membranes. As the 
IGrst step, the user matches templates with &e membranes. Software then compares an image of the 

30 template and an image of the membrane and performs alignment of spots/bands. The user has 

options of visual alignment control and the ability to hand correct minor discrepancies. Hie second 
step of analysis will include densitometric readings of the spots on experimental membranes. This 
data is stored in die database. Ihe third step includes numerical data manipulation. Intensity values 
ofeadie}q>erimental spot on &e membrane are divided with values of the landmark ^ts. Iliisstep 

35 generates nonnalized intensity values for each ^t on the mranbrane. All the spots of interest can 
thus be compared widi each other. 
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Softwaie 46 prejEerably allows the user to select the kind of CQn^iarative anafysis to be 
p^onned (i& CQmparing the spots or bands piesent in one sanq)l6 with diose in another sanqile or 
comparing tiiose present on one monbrane wifli diose of anofter membrane wiflun flie same 
membrane stack). Results ofthe analysis are displayed in, for instance, tabular fonnat and user is 
5 given die option to go back and compare magnified sections of the images of interest 

In one embodiment, software is provided with template images corresponding to each of die 
membrane images. Such software allows die idoitity of the protein in each spot to be confirmed 
based upon the vertical and horizontal position of die protein's spot on the geL Examples of such 
software also allow the doisity of each spot to be calculated so as to provide a quantitative or semi- 
10 quantitative read-out as described herein. Such software may also have links to a database of hnages 
generated fiom odier gels to allow compariscms to be made between different diseased and noimal 
samples, or links to images or data (stiucture, sequrace, function, etc.). 

In some embodiments, software is also provided to overly images of the bands or spots or 
ceUs onto a mast^ image of a ubiquitously stained sample or geL A key feature of examples of such 
1 5 software is the ability to quantify the biomolecules by determining the density of the bands or spots 
and comparing them to a control. This process is known as "normalization." For analysis of 1-D 
gels a variety of commercially available programs may be employed such as the 1-D Image Analysis 
Software available from Eastman Kodak Co. 

20 Having now generally described the invention, the same will be more readily understood 

dirough reference to die foUowmg examples, which are provided by way of illustration, and are not 
intended to be limiting of the present invention, unless specified. 

25 EXAMPLES 

Example 1 

Construction of Polycarbonate Membranes for Protein Binding 
Native, non-coated polycarbonate membrane (Millipore, MA) has low afOnity and low 

30 binding capacity for proteins. To improve its protein binding characteristics, polycarbonate 
membranes were coated with either poly-L lysine (referred to as PC+Lysin in FIG. 26) or 
nitrocellulose (referred to as PC+NC in FIG. 26). Membranes (177 square centimeters) were 
immersed for one minute in 5 ml of eidier aqueous sohition of 0.1% poly-L-lysine or 0.1-1.0% 
nitrocellulose solution in 100% medianoL After coating, membranes were suspended in vertical 

35 position and air-dried at room temperature for 5-10 minutes. Poly-L-lysine treated membranes were 
before use additionally baked for two hours at 50^ C. Small squares (0.25 square centimeters) of 
both treated and non-treated membranes were mcubated In TEST sohition (50 mM HUS pH 8.0, 150 
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mM NaCl and 0.05% Tween-20) witii 1.0-100.0 ng/^il of goat imnnmoglobulin labeled wifli Cy3 
fluorescent dye (Ameisham Fhannada Biotech, USA) for 0 JS*2 hours at room tempraabire. 

Membranes were washed m TBST and examined on STORM scanner (Molecular 
Dynamics, USA). The results are shown in FIG. 26A. Ibe intensify oftibie signal was quantified by 
5 ImageQuant Molecular Dynamics, USA) and data points from five different experiments were 
plotted using Microsoft Excel. The results shown in FIG. 26B demonstrate tiiat polycarbonate 
memlH^anes have a low protein binding potential that can be considerably oihanced by coating the 
membrane with poly-L-lysine (PC+Lysin) or nitrocelhilose (PCNQ. 

10 Exajnple2 

Testing the Porosity of Prepared Polycarbonate Membrane Layers 
To demonstrate porosity of manufectured layers, native, poly-L-lysine or nitrocelhiiose 
coated membranes were blocked in 5% bovine serum albumoi solution in 50 mM TRIS pH 8.0 to 
prevrat any protein binding. Fiffy-<me square centimeter pieces were cut out and stacked together to 

15 makeapile. A non-blocked pure nitrocellulose layer was used at die bottom to capture proteins 

(NC-tF^>). Three adjacent 20 mianometer diick frozen sections of normal breast tissue were collected 
on a polycarbonate membrane with 5.0 urn pore size and embedded in a 2% agarose gel and 
transferred side by side tlirough each stack. Between 50 and 100 milliliters of TBST buffer was used 
per square centimeter of die membrane stack with average length of the transfer being 1 hour. After 

20 transfer, proteins remaining in the tissue sections and total proteins on the NC-trq) were visualized 
by Ponceau S staining (SIGMA, MO). 

As ^own in FIG. 27, Ibe outline of the total protems transferred through the stack and 
trapped on the nitrocellulose layer very closely resembled the outline of the qiplied tissue section. 
Hiis suggests that not only were membranes porous enough to allow for the protems to be 

25 transferred, but also that at least up to 50 polycarboiiate membranes can be used in tins kind of 
without apparent distortion of die image due to lateral difiusion. 

ExanqfleS 

Demonstration of Low Capacity Protein Binding to Nitrocellulose 
30 Coated Polycarbonate Layers 

Examples 1 and 2 demonstrate that proteins in solution can biud to a single nitrocellulose 
coated polycarbonate layer and that complete saturation of the layer with proteins does not affect its 
porosity. To ascertain how mudi of the total protein would be trq>ped on each individual layer 
during the tissue section transfer, 20 wkxm diick frozen sections of normal and tumor breast tissue 
35 were placed adjac^t to each otfaor on a polycarbonate membrane widi 5.0 um pore size, mbedded in 
2% agarose gel and transfeired through 14 layers of nitrocelhilose coated polycarbonate to die NC- 
trap on die bottom, m 100 ml/cm^ of buffer containing 25 mM TRIS pH 8.3, 192 mM glycine, 0.05% 
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SDSaad20%mediaiioi After transfo, proteins left over in the ti^ 
Ponceau S staining (SIGMA, U.SA.) and total ehited proteins capture 
visualized by BLOTFastStain (Oiemicon, USA). Hie image fonned on the trap demonstrated 
successful transfer of die protein ttrougji the membranes. 
5 To determine whether sufGcient total protein trapped on each membrane during the transfer 

to perform immunological detection 14 arbitrarily selected antibodies were used Antibodies were: 
Anti-GAPDH, 1:100 (Oiemicon, MAB374); Anti-Rsk, 1:1,000 (Transduction Laboratories^ 
R23820); Anti-Stat5a, 1:500 (Santa Cruz Biotechnology, sc-1081); Anti-EFNalpha, 1:500 (Biosomce, 
AHC4814); Anti-RARalpha, 1:1,000 (Biomol, sa-178); Anti-phospho-EGFR, 1:1,000 (Upstate, 05- 

10 483); Anti-non-phospho EGFR, 1:1,000 (Upstate, 05-484); Anti-phospho-NRl, 1:500 (Upstate, 06- 
651); Anti-Statl, 1-^,000 (Transduction Laboratories, G16920); Anti-Rb, 1:]»000 (Santa Oruz 
Biotechnology, sc-50); Anti-Jakl, 1:500 (Santa Cruz Biotechnology, sc-295); Anti-tubulin-a^ha, 
1:500 (Santa Cruz Biotedmology, sc-554Q; Antt-beta-actin, 1 .2,000 (SIGMA, A5441). 

Polycarbonate layers were first blocked in Ix casein solution (Vector Labs, U.S A.) for one 

15 hour at room temperature and incubated overnight at 4^ C in primary antibodies as listed in FIG. 28 
followed by TBST washes and incubation in alkaline phosphatase (AP) conjugated secondary 
antibodies (1:2,000 dilution) (Rockland, U.S.A.). Membranes were then incubated for five minutes 
in enhanced chemiluminescence (ECL) substrate (Vector Labs, USA) followed by visualization of 
the protein by exposing the membranes to X-ray fihn (Kodak, USA). 

20 Ihe results showed diat methods provided herein allow detection of a number of different 

protems. To ascertain how Uiemonbranes performed with respect t& die amount of total protem 
captured, die membranes were each incubated with the same antibody, allowing detennination of the 
protem content on each of them. Anti-GAPDHantibocty was used for three hours at room 
tmperature, washed in TBST, incubated widx anti-mouse secondary antibody conjugated to 

25 horseradish peroxidase (HRP) and visualized m enhanced chemiluminescence substrate specific on^ 
for HRP (Pierce, USA). After ECL reaction membranes were e}q)osed to fihn as stated before. The 
results confirmed that all of the membranes did capture a similar portion of the total protein and 
differences seen in the first part of the e?q)eriment are not the resuh of differences in membrane 
"loading." For documentation purposes, die X-ray film was scanned on die flat bed scanner (Lacie, 

30 USA) and images wm processed using ADOBE PhotoShop 4.0. 

Exanqile4 

Transferring Proteins from Tissue MIcroarrays 
A five microns (5 |iM) duck parafBn section of a tissue microanay originating from die 
3 5 National Institutes of Heahh (NSQ Tissue Array Researdi Program (TARP) was collected on t^ 
and transferred through four membranes in the manner described above. The membranes were as 
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provided above. Tlie transfer solution contained SO mM TRIS and 380 Tliisyieldsa 
buf^ witti approximately pH 8.6, but ttds can be adjusted to anywhere in a range of pH 8.0 to 9.5. 

Plastic poudi enclosing membrane stack and tissue array was placed in a Gel Drier 
(BioRacQ and lid oftiie drier was used as a pressure and heating (80 *C) source. Heat and pressure 
5 were ^lied for two (2) hours. 

Afte transfra-, membranes were gently washed in TBST buffer (50 mM TRIS pH 8.0, 150 
mM NaQ and 0.05% Tween-20) and stained with FAST Bhie Stain (Chemicon) according to 
manufacturer instructions. Scanning on an Astra 2200 seamier (UMAX) digitaHzed nnages of the 
individual layers. After staining, mmbranes were rinsed in TBST buffer, blocked for 15 minutes in 
10 Ix casein solution (Vector Laboratories, Inc.) and incubated ov^gjit at 4* C in primary antibody 
(anti-cytokeratm (1:5,000, Sigma) or antirPSA (1:500, Sarqit)). The membranes where tiien washed 
in TBST, incubated in the complex of secondary antibody and alkaline phosphatase, and washed 
again. Ix)calizatiQnofthetaigetprotein(tytdkeratinorPSA) was visualized by ei^ 
chemihuninescence (ECL) (DuoLux, Vector Laboratories, Inc.) and Biomax MR fihn (Kodak). The 
15 miages were digitalized by scanning on an Astra2200 seamier (UMAX). 

The results, shown in FIG. 29, demonstrate that membrane replicas can be made from tissue 
arrays by using the described techniques without loosing spatial resolution. It also demonstrate that 
immunodetection of a single protein is possible on these membranes. 



20 Example 5 

Differential Protein Expression in Different Tumors 
Membrane copies of the TARP array were prepared and assayed as stated in tiie previous 
example. For detection, the followmg primary antibodies were used: antihcytokeratin (1:5,000, 
Sigma), anti-PSA (1:500, Scrqpt), anti-p53 (1:1,000, Transduction Laboratories) and anti-p300 
25 (1 :500, Transduction Laboratories). 

The results, shown in FIG. 30, demonstrate tiiat difiSsrent tumor types express different 
amounts of the same protein (for instance, PSA is primarily expressed in the prostate cancer samples) 
and that the same tumor type can express different amount of the same protein (for instance, p53 and 
pSOO are expressed in only a subset of colon carcinoma samples). 

30 

Example 6 

Immunodetection on Mtembranes Using Antibodies Ineffective In IHC 
Membrane copies obtained from the transfer of normal human tonsilar tissue, normal human 
kidney tissue^ and TARP tissue array were produced as described in the previous examples. In some 
35 cases, the membranes were subjected to antigen retrieval, by immersmg them m a solution of 0. 1 M 
sodium citrate containing 10 mM EDTA pH 8, for 5 minutes, at 95 'C. 
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Following bloddng in a 1 x casein sohiticm (Vector Laboratories) for 30 miniitBS, Ae 
membranes were incubated with monoclonal antibodies diluted at 1:20-1:50 for 16 hours at4 'C. 
Primary antibodies were used essentially as directed in the manu&ctures* instractions; each of the 
antibodies selected are noted by the manufiutore to be ineffective when used to detect proteins in 
5 fonnalin preserved tissue samples, even when the samples are subjected to antigen retrieval Ihe 
following antibodies were used: anti-CD3 (CALTAG); anti-EGFR; anti-Progesterone Receptor, 
(Dako); and anti-erbB2 (Zymec^- Following TBST washes, proteins were visualized as described in 
Example 4. 

In each case, the antibody yielded clear signals on the transferred membranes but would not 
10 yield signals when used for IHC on adjacent sections, directly on a corresponding microarray. Ihus, 
transfer of biomolecules to memtemes using fte described contact transit mediod is effective for 
inununodetection visualization usmg antibodies that are ineffective in IHC. 

Example? 

15 Transferring Protehns fh>m Cells Collected by LCM to Membranes 

Five microns thick fit)zen section of squamous carcinoma of the head and neck was 
collected on plain glass slide. The slide was fixed in 100% etfaanol for three minutes, immersed in 
0.5% etfaanol solution of Azure Blue (SIGMA) for one minute followed by five minutes incubation 
in xylene. LCM was performed as recommended by tiie manufacturer (Arcturus). Each LCM cap 

20 received approximately 50 laser hits, corresponding to 250-300 cells during a 1 5-20 minute time 
period. Immediately aft^ this, caps were stored at -80* C until transfer. 

Just prior to transfer, c^ were hydrated through an ettianol gradient and transfer was 
assembled as shown in Fig. 8. Five different membrane l^ers were used Transfer buffer contamed 
25 mM TEUS, 192 mM gi^cme and 0.025% SDS. The assraibled package was placed m a gel dri^ 

25 (BioRad) and lid ofthe drier was used as a pressure and temperature (80* C) source. Ihetransfer 
process took about two hours. 

After transfer, Ae stack was disassembled, membranes were washed in TBST buffer (50 
mM TRIS pH 8.0, 1 50 mM NaCl and 0.05% Tween-20) and then stained with FAST Bhie Stain 
(Chemicon) according to manuiacturer instructions. Scanning on Astra 2200 scanner (UMAX) 

30 produced digitalised images of the layers. After staining, membranes were rinsed in TBST buffer, 
blocked for 15 minutes in Ix casein solution (Vector Laboratories, Inc.) and incubated overnight at 
+4* C in anti-^ytokeratin antibody (1:5,000, Sigma), washed in TBST, incubated in the complex of 
secondaiy antibody and aDcalme phosphatase, washed ag^ and location of the protein was 
visualized by ECL([)uoLux, Vector Laboratories^ Die.) and Bionuix MR Theresultant 

35 iniagewasdigitalisedby scanning on an Astra 2200 scanner (UMAX). FIG. 31 shows '^copies" that 
were made on five membranes, and that antibodies were effectively used to detect proteins on each 
layer. 
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Transfer and Captare of Proteins From a 1-D Gel 
Hiis example demonstrates that polycaibonate coated nitrocellulose (PCNC) memlnanes, 
5 wifii tiieir high bmding a£Bnity but low capacity for tiie proteins ehited fiDom the gel, can be used to 
make multiple copies of a gel. 

1.0 ^g/lane of biotinylated protein marker (Vector Laboratories, Inc) was separated by 15% 
PAGE and electro-transferred in 25 mM Tris, 192 mM glycine, 0.025% SDS and 20% methanol (60- 
1 10 V for 1-2 hours) through a stack of PCNC membranes; the number of membranes per stack was 
1 0 5-20, depending on the esqperiment At the end of the stack, one pure nitrocellulose membrane was 
used to capture proteins that were not bound to PCNC layers CNC trap")- Transfer was performed 
from 0.5*3 hours at60-110Vina Ready Gel Cell apparatus (BioRad). 

After tiansf<^, membranes were rinsed in 50 mM Tris pH 8.0 and 150 mM NaCl (TBS 
buffor), blocked for 10-60 minutes in Ix casein solution (Vector Laboratories, IncX and incubated 
15 for 30 minutes in VECTASTAINABC-AmP reagent (Vector Laboratories, Inc.). Monbranes were 
washed agam in TBST, rinsed m 0.1 M TRIS pH 9.5, mcubated in DuoLux reagent (Vector 
Laboratories, Inc.) for 3-5 minutes, and exposed to Biomax MR film (Kodak). An example of one 
representative experiment is shown in FIG. 32. 
Results demonstrated that 
20 1 . PCNC stack of membranes did not interfere with post-transfer Western blotting 

procedure - proteins were Iransfeired from the gel through the stack and to the NC trap; 

2 . A wide range of protem sizes were transferred through tiie stack with very shnilar 
transfer efficiency - 7 kDa-200 kDa proteins were detected on the NC tr^; and 

3. PCNC layers cq>tured proteins reg9rdless of then* size. 

25 

In order to determine compatibility of PCNC membranes with immunodetection, Jurkat cell 
were lysed in buffer (50 mM TRIS pH 8.0 and 1% SDS) and 20 ^g/lane of total protein was 
separated by 15% PAGE. Tlie resultant gel was electro-transferred through a stack of PCNC 
membranes in 25 mM TRIS, 192 mM glycme, 0.025% SDS and 20% methanol Transfer was 

30 carried out at 60-1 10 V for one to two hours. 

All of the membranes were incubated in primary anti-Rsk (1 : 100, Transduction 
Laboratories) and anti-p300 (1:500, Transduction Laboratories) antibody, wa^ed in TBST buffer, 
inoibated with the complex of secondary antibody and alkaline phosphatase, and washed again. Tlie 
location of the protein on the blots was visualized using ECL (DuoLux, Vector Laboratories, Inc.) 

35 and Biomax MR fihn (Kodak). Hie resahs, shown in FIG. 33, demonstrated that PCNC membranes 
are suitable for this ^pe of protein detection. Each mml»rane C29>tured sufBdent protein to be 
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detected by immimological methods, but each single membrane did not capture too much protein, 
enabling a number of copies of the same gel to be geaarated 

Exaniple9 

5 Transfer and Capture of Proteins From a 2-D Gel 

2-D protein gels have greater separation capabilities than 1-D gels. Two-dimensional 
separation allows identification of hundreds or even diousands of proteins on die same gel. Proteins 
separated by 2-D gels are identified by protein sequencing or immunological features. Sequencing 
requires e7q)ensive equipment, highly trained operators, and its use is limited to a small number of 

10 privileged groups. Inmiunodetection is easier to do but it is a low throughput technique, since 
traditional blotting procedures g^erate only one membrane per geL 

As described above, one can make 10 or more 1-D gel copies using PCNC membranes. In 
ord^ to find out if 2-D gels can be ''copied^ die same way, the proteins present in 500 |ig of Jmkat 
cell protein lysate were separated by 2-D PAGE. A commercial unmobilized pH gradient (IPG) from 

15 3.0 to 10.0 (Pharmacia Biotech, Uppsala, Sweden) was used for first-dimension separaticii. Eight to 
12 hours of in-gel sample rehydration was used for protein loading. Proteins were sq)arated for a 
total of 15,000-30,000 Vhrs. After equilibration, the IPG strips were transfenred onto vertical 
gradient gel (4-20%, Novex) for second dimension separation. 

After electrophoresis, the 2-D gel was transferred in 25 mM Tris, 192 mM glycine, 0.025% 

20 SDS and 20% methanol (60- 11 0 V for 1 -2 hours) through a stack of five PCNC membranes. The 
membranes ytm then nnsed m TEST buffer, dien blocked for 10-60 minutes in Ix casein solution 
(Vector Laboratories, Inc.) prior to probing with specific antibodies. Lidividual membranes were 
probed by incubating them overnight at 4 *>C in anti-GAPDH (1:5,000, Chemicon), and-beta-actin 
(1:5,000, Sigma) and/or anti alpha-tubulm (1:1,000, Calbiochem) antibody. The membranes were 

25 dien washed m TEST, incubated m ^e complex of secondary antibody and alkaline phosphatase, and 
wa^ed agam. The location of die protein was visualized by ECL (DuoLux, Vector Laboratories, 
Inc.) and Biomax MR film (Kodak). 

Antibodies were first applied separately to three different membranes (fit)m three different 
gels) to find the precise spatial location of specific proteins in the 2-D gel. These three proteins 

30 (GAPDH, actin, and tubulin) differ in their size and chaige, and were spatially separated from each 
other on the gel. 

In order to increase the tiiroughput of immuno-detection, all three antibodies were mixed 
together and s^lied as a detector cocktail to aU five monhranes from the same geL The results of 
diis esqperiment are shown in FIG. 34. Generating multiple replicas ofthe same gel and using an 
35 antibody codctail approach increased throughput of die immunological protein identification on 2-D 
gels. 
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Example 10 

Use of Layered Membranes for Protein-DNA Complexes Identificatioii 
Hie following ocample demonstrates the ability of the layered memtones of the present 
invention to qpeediq> and simplify the identification of the proteins of a protein-DNA^ It 
5 shows that copies of the gel were made and each of the membranes was successful^ hnmuno-probed 
with a different antibody of interest 

250 ng of recombinant his6-c-rel and 120 ng of purified recombinant his6-CR£B were 
incubated a](me or in combination with 0^ ng of ^-5' labeled dupl^ oligonucleotide (SEQ ID NO: 
IX in 10 ^d of buffer containing 10 mM HEPES, 50 mM NaCl, 20% glycerol, and 4 mM PME. TTie 

10 hybridization reaction was allowed to proceed at room temperature for 30 minutes. Samples were 
separated by electrophoresis on 4% polyaciylamide gel at 1 80 Volts for one hour, then transfened in 
25 mM TRIS, 192 mM glycine, 0.025% SDS and 20% medianol (60-1 10 V for 1-2 hours) through a 
stack of four PCNC membranes (as described herem) and one NA45 DEAE membrane (Schleicher & 
Sdmell). This last layer ofdiaigedceMose was used to tnq>DNA released fix>m die gel that 

15 transferred through the entire thickness of the stack. After transfer, registration (orientation) marks 
were made using a 19G needle. The DEAE membrane was dried, exposed overnight to a 
phosphoimagor screen, and visualized on a Phosphorimagen SI (Molecular Dynamics). 

First and second PCNC membranes were rinsed in TBST buffer, blocked for 10-60 minutes 
in Ix casein solution (Vector Laboratories, Inc.) and incubated overnight at 4 °C in anti-rat antibody 

20 (1 '.200, NCI Laboratory of Pathology, Transcription Regulation Unit Chiefs Dr. Kevin Gardner) and 
anti-His (1 : 10,000, Stratagene). Hie membranes were washed in TBST, incubated in die complex of 
secondary antibodly and alkaline phosphatase, then washed again. The location of the specific 
proteins was visualized by ECL (DuoLux, Vector Laboratories, Inc.) and Biomax MR fihn (Kodak). 
Images of all of the membranes were aligned m Adobe Photoshop (FIG. 35). 

25 The resuhs demonstrated that the layered membrane array provides &st and reliable 

identification of proteins fitxm a protem complex. 

Example 11 

Uniformity of Protein Capture on Multiple Membranes 
30 During eiectrotransfer, proteins are pushed (or pulled) out of the gel onto the membrane 

substrate. The speed of their migration is infhienced by the magnitude of the electric ciurent and size 
of the protem. A higher voltage will push proteins out of the gel faster then a lower voltage. Even 
widi fixed current flow, smaller proteins generally move &ster Aen larger ones. The lengdi of the 
transfer is anoth^ variable that can mfiuence quality of membrane copies. Iftransfer is too short, not 
35 . enough ofihe protem will leave die gel and be accessible for bindmg onto die membranes. 
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An analysis of the results obtained witli tibe me&ods and materials described hsxehk 
indicates tiiat, r^ardless of fte amount of protein that is pres^ in the gel, more uniform membrane 
copies can be generated iftransfer is perfonned for shorter time with higb^v Allof&e 
transfias in diis Example are peifonned for 60-70 minutes at 59-63 vohs. Ke^mg the transfer 
5 conditions constant, the influence of protem load amount on the ability to create membrane copies 
was examined. 

Total protein extracted from the Jmkat ceU line (cells of lymphatic originX &e HN12 cell 
line (epidielial cells of keratinocyte origin) and the SW480 cell line (cells of adeno^ithelial origin) 
were used for this Example. All cell lines were cultured in a 37* C humidified incubator in DMEM 

10 mediawidi 10% added serum. At about 80-90% confluence, cells woe harvested by scrapmg them 
flom die dish; the cells woe Itea resuspended m phosphate buffered saline (PBS) widi 1 % added 
SDS. Ibe Gonc^tration of the total protem was detennined by BCA Protein Assay Reagent (Pierce). 
Approximately 30-100 micrograms of total protein was separated by 4-20% polyacrylamide gel 
electrophoresis (PAGE) (BioRad). A suitable protem gel running bufT^ was used in the 

15 electrophoresis to separate the proteins (for uistance, 25 mM TRIS pH 8.3, 192 mM glycine, 0.1% 
SDS). In addition, protein size markers (Bio-Rad Kaleidoscopic Standard, catalog number 161- 
0324) were loaded on die geL 

After electrophoietic separation, proteins were transfeired through a 10-layered array by 
electroblotting (Bio-Rad catalog number 170-3930). A fiber pad, or more than one fiber pad was 

20 used at the anode and the cathode during electroblottmg. Thus, starting from die ca&ode side of die 
electroblotting cassette, die fiber pad (on the bottom of die sandwich), filter p^>er, gel, and 
monbrane stack are layered in order, widi one membrane (die first membrane, denoted membrane 
"1*0 in contact widi the gel When assembled, die electroblotting cassette tightly squeezes the 
'transfer sandwich** (unlike a single membrane transfer, whidi can be gently squeezecQ. Fiber pads 

25 may be added on the outside of the sandwich until the cassette seems '^overfilled.*' Whoi the 
sandwich has the proper thickness, it may be necessary to force the cassette closed. 

Hie electroblotting procedure will vary depending on die system used (for Bio-Rad devices, 
transfer is accomplished at 59-63 volts for 60-70 minutes; for Novex devices, transfer is 
accomplished at 25 volts for 120 minutes). To facilitate later labeling of individual membranes, 

30 holes can be punched (for iostance, using a 23g-25g needle) distinguishable locations, such as in die 
center of each protein standard band, and in the center of each well. 

Aft^ transfer, the membrane stack was removed from the gel by gently peeling up one 
comer, and the fi:ameswm(^>aied or removed The membrane stadc was then washed m Tris or 
phosphate buffered solution, and the membranes separated while diey are stiU in die soh^ Before 

35 immunodetection, the membranes are immersed in Blocking Reagent (20/20 GraeSystems) for 1 5 
minutes. 
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Memfaranes were sqiarately stained with Sypro Ruby (Molecular Probes) as reoonunended 
by tfag mflwufac tiirer and vl maliTs^ on an Image Station 440CF (Kodak). Fhiorescenoe intensities 
were taken fiom diree dlfGsent regions of ev«y sample on eveiy mmbiane using KODAK ID 
Image Anafysis Software (Kodak). Hie first region included proteins firom 20-40 kDa in size. The 

5 second r^on included proteins fifom 40-100 kDa in size. The third r^on included proteins 100- 
150 kDa in size. TTie relation^p between different groups was analyzed using Microsoft Excel®. 

A data plot (Fig. 36) demonstrates tiiat the smallest variability in total protein loading per 
membrane was se^ for proteins 40-100 kDa in size. The data also suggest ^t the amount of 
protein loaded was an important variable in this system. For protems that are 40-100 kDa in size, it 

10 was determmed ihat loading of 70-100 (ig per lane kept variability betwe^ &e membranes in die less 
dian 10% range. 

Exampiel2 

Detectmg Presence and Functional State of Multiple 

IS Proteins Separated on a Single Gel 

To determine die feasibility of detecting the presence and fimctional state of multq)le 
proteins from the same gel, the presence and functional state of EGFR and c-myc protein was 
checked in parallel. Samples used were from die Juikat cell line, HN12 ceD line, and SW480 cell 
line; cells were cultured and harvested as stated in Example 1 1 , Thirty micrograms of total protein 

20 was loaded per lane of 4-20% polyacrylamide gel (BioRad) and separated for two hours at 50 V. 
After elecifophoresis, the gel was equilibrated for 10 minutes in Ix transfer buffer from 20/20 Gene 
Systems, Inc. and electrotransfer was assembled with a seven-layered membrane stack (20^0 Gene 
Systems, Inc). A MiniCell blotter (BioRad) was used for die electrotransfer. Transfer was 
performed for 60-70 minutes at 59-63 V. After transfer, membranes were separated in 50 mM Tris 

25 pH 8.0, 150 mM NaCl and 0.05% Tween-20 (TEST), blocked m Ix casein solution (Vector) for 1 5 
minutes at room temperature and incubated widi antibodies diluted in TEST as indicated in 
TABLE 1 for 12 hours at 4' C. 

TABLE 1 



Layer 


Protein 


Manufacturer 


Part Number 


Ab Dilution 


Number 










1 


Total EGFR 


Neomark^ 


MS-610 


1:500 


2 


Total EGFR 


Santa Cruz 


SC^3 


1500 


3 


Phospho-EGFR 


Upstate 


05-484 


1 


uooo 


4 


Phospho-EGFR 


Upstate 


05-483 


1 


1,000 


5 


Total c-myc 


Santa Cruz 


SC^764 


1 


200 


6 


Total c-myc 


Neomaricers 


MS-127 


1 


500 


7 


Phospho-myc 


Cell Signaling 


9401L 


1 


.1,000 


1-7 


Alpha-tubulin 


Calbiochem 


CP06 


1 


:500 
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tttcubation with primaxy antibody, each membrane was wa^ed sqiarately fliiee times 
for five minutes eacb in TBST and incubated in 1:4,000 dilution of horsmdish peroxidase (HRP) 
conjugated secondary antibody (Amersiiam) m Ix casein solution 

temperatme. Membranes were tiien washed for five minutes in TBST and twice for five niinutes 
5 eachmSOmMTRISpHS.0, 150 mMNaCl (IBS), incubated for five minutes in ECL PLUS 
substrate (Amea-sham) and exposed to Biomax MR fihn (Kodak) fit>m 1 -45 minutes. 

The image of tiie fihn was digitized on an Astra 2200 scann er (Umax) and manipulated in 
ADOBE Photoshop 5.0. Following incubation in the first set of antibodies, all of the membranes- 
were incubated in and-a^hartubulin antibody for two hours at room temperature and signal 

1 0 visualized as stated above, with the exception that the secondary antibody was conjugated with 
alkaline phosphatase (AP) (Vector) and the ECL reagent used was DuoLux (Vector). 

The result of this Example, shown in FIG. 37, demonstrated that multiple membrane copies 
made fiom the same gel could be used to determine tiie presence and functional state of multiple 
]Nroteins fiom tiie same sample; In this Exan4>le,botib total and activated forms of EGFR. and &-myc 

15 protein were detected in extracts prepared fiom the SW480 cell line. Results also demonstrated that 
different samples could be compared to eadi other to reveal tiie presence of total protein (for 
instance, EGFR was expressed m HN12 and SW480 cells, but not in Juikat cells) and that the 
presence of total protein does not necessarily mean functional activity (c-myc was present m both 
Jurkat and SW480 ceU lines but only Juikat cells had an active, functional fomi). 

20 

Exan^lelS 

Detecting Proteins Involved in Epidermal Growth 
Factor Receptor (EGFR) Signaling Pathway 
Advantages of certain of the encompassed embodiments include diat they permit analysis 

25 and comparison, in parallel, of a number of difTerent proteins firom multiple samples. The value of 
this parallel qyproach is even greater where the proteins of interest belong to a single biological 
system (e.g. , all are component s of a receptor signaling pathway). Since analysis for all of the 
proteins is done on a single sample, comparative studies are easi^ to perform, and it is e7q>ected that 
the results are more consistent and reliable. 

30 In this Example, the functional state of nine proteins that are involved in signaling tlirough 

the EGFR pathway were analyzed and compared. Four different keratinocyte cell lines were cultured 
and harvested as described above (see Example 1 1). One hundred micrograms of total protein from 
each cell line was separated on a 4-20% aoylamide gradient gel (BioRad) and transferred dirougb a 
ten-layered array as described above (see Example 11). 

35 Membranes were stained with tibie ubiquitous dye Sypro Ruby (Molecular Probes) and 

images csqitured and stored on Image Station 440CF (Kodak). Following visualization of the total 
protein, membranes were blocked m Ix casein solution (Vector) for 15 minutes at room temperature. 
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tfaoi incubated with antfl)odies dilated mlBST as indkatedm The 
control membrane l^er was incubated in no immaiy antibodt/. 



TABLE 2 



Protein 


Manufacturer 


Part Number 


Ab Dilation 


Detected 


Phospho-Raf 


Biosource 


44-504 


1:1,500 


Yes 


Phosho-Akt 


Cell Signaling 


9276S 


1:1,000 


Yes 


Phosho-Erk 


Cell Signaling 


9106S 


1:1,000 


Yes 


Phosho-Myc 


Cell Signaling 


9401L 


1:1,000 


Yes 


Phosho-EGFR 


Upstate 


05-493 


1:1,000 


Yes 


Total EGFR 


Neomarkers 


MS610 


1:500 


Yes 


Phospho-StatS 


Biosource 


44-384 


1:1,000 


Yes 


Phospho-PKC 


CeU Signaling 


2261 


1:1,000 


No 


Phospho-Src 


Biosource 


44-660 


1:1,000 


Yes 



Following incubation with primaiy antibodies, membranes were processed as described above (see 
5 EXAMPLE 12). 

FIG. 38 shows that eight of the nine proteins tested could be detected on die stacked 
membranes using diis method. The phosphoiylated fonn of PKC was not detected in these samples. 
Follow up e}q>eriments also ^ed to detect this form of protein when &e same amount of sample 
was blotted on single nitrocelhilose membrane widi positive control cellular extract being positive 
10 (PDGF treated 3T3 cells, 10 |ig/lane, provided by Cell Signaling). This suggests that the Mure to 
detect the phosphorylated form of PKC was not due to a deficiency in the transfer system but to die 
very small (if any) amount of this protein present in fhe tested cell lines. The results also clearly 
illustrate differential e>q>re5sion between different ceU lines for all of the proteins tested. 

15 Example 14 

Contact Transfer of Proteins From a 1-D Gel 
DifEiision based transfer of proteins from an aciylamide gel onto single membrane substrate 
was previously discussed by Bow^^r a/. (Nucleic Acid Res.^ 8:1-20, 1980). Ihe apparent advantage 
of this system is that it does not require special blotting equipmrat Ihis Example was carried out in 
20 order to detennine if it is possible to use contact transfer (wittiout sppfying an electric cmr^) with 
the provided membrane armys. 

A 10% gel (BioRacQ witii 25 and 50 micrograms of total protein was sandwiched between 
two five-membrane membrane stacks as shown in FIG. 6, widi five mranbranes on each side of die 
geL Three layers of Whatman® fiher paper soaked in Ix transfer buffer fit)m 20/20 Gene Systems, 
25 Inc. were added on each side of the sandwich and the whole, assembled stack was sealed in a plastic 
bag. Three parallel sample stadcs vf&e assembled and placed in a gel drier (BioRad) with the lid 
closed at 80" C. Individual sample stacks were removed after 30, 60 or 120 minutes of transfer. 
After transfer, die membranes were washed in TBST and stained with FastBlue Stain (Calbiochem) 
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as recommended by the manu&ctmper. Stained membranes were scanned using an Astra 2200 
scanner (Iteax) to detect total transfored protein, and die images were nianq[mlated in ADOBE 
Photoshop 5.0. 

The results of this procedure are shown in FIG. 39. Proteins were effectively transferred 
5 from the gel into the membranes on both sides of tiie gel (bi-directional transfer). The amount of the 
protein transfetred was dependent on the iengdi of the transfer (more protein was transferred after 
two hours compared to half an hour) and tiie size of the protein (transfer of the large proteins was less 
efQcient). Thus, contact transfer is an effective alternative to electrotransfer of proteins and other 
biomolecules onto/mto membrane stacks. 

10 

Atdioug^ certain ^bodim^ts have been described herein, it will be qiparent to fliose 
skilled in die art to which die invention pertains that variations and modifications of the described 
embodiments may be made widiout dsparting from die ^irit and scope of die disclosure. 
Accordingly^ it is int^ded that the inv^tion be limited only to die cxtssat required by die upended 
IS clahns and die applicable rules of law. The refmnces cited above are incorporated herein in their 
entirety. 
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WHAT IS CLAIMED IS: 

1. A m^od of detecting biomolecules in a sample comprismg: 
providii^ a stack of at least two layered membranes; 

5 appfying die sample to the stack under conditions diat permit movment of the 

biomolecules through multiple layered membranes of the stadc, and allow direct capture of at least a 
portion of the biomolecules on the membranes; and 

detecting die biomolecules on one or more of the multiple membranes. 

2. The method according to claim 1 wh^in die stack comprises a plurality of porous 
10 substrates each having a thickness of less than 30 mioons. 

3 . Hie method according to claim 2 wherem one or more of the substrates comprise a 
material for increasing die a£Bnity of die membrane to the biomolecules. 

4. Hie method of claim 3 , wherein the material is coated on one or more of the 
membranes. 

15 5. Ilie method of claim 2 wherein the porous substrates comprise a material selected 

from the group consistmg of polycaibonate, cellulose acetate, and mixtures diereof. 

6. The mediod of claim 5, wherein die porous substrate comprises a polycarbonate 
substrate. 

7. The method of claun 5, wherein the material for increasing afiinity is selected from 
20 the group consisting of nitrocellulose, poly-L-lysine, and mixtures thereof. 

8. Tlie method of claim 5, wherein the material for increasing affinity is a 
biomolecule^specific iigand. 

9. Hie mediod of clahn 5, wherein the porous substrate cmnprises a polycaiixmate 
substrate and the material for increasing afiEfaiity comprises nitrocellulose. 

25 10. The method according to claim 1 wherein die sample is a tissue section. 

1 1. The mediod of clahn 1, wherein detecting die biomolecules comprises separating 
one or more of the membranes from the stack, and detecting the biomolecules on die (me or more of 
the separated membranes. 

12. The method of claim 1, wherein the conditions diat permit movement of die 
30 biomolecules through the multiple membranes comprises passing a transfer liquid through the 

layered membranes. 

13. The method of claim 1, wherein the conditions that permit mov^ent of the 
biomolecules through one or more of the membranes comprises providing a wick that encourages 
movement of the biomolecules throu^ die stack of layered membranes in a desired direction of 

35 movement 

14. Tlie mediod of clahn 1, wherem the stack of k^rered membranes comprises 5 or 
more membranes. 
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15. Hie method of claim 14, whoein tiie stadc oflay&ed membranes conqnises 20 or 
more membranes. 

16. The mettiod of claim 14, wherein the sta^ of layered membranes conqxrises 50 or 
more membranes. 

5 17. Hie mettiod of claun 1, wherein the sample comprises a nucleic add, a protein, a 

lipid, a carbohydrate, or a combination or mixture hereof 

18. The method of claim 1, wherein the sample is a substantially two-dimensional 

sample. 

19. The method of claim 1 8, wherein the substantially two^imensional sample is 

1 0 selected fiom the groiq> consisting of a tissue section, a tissue microarray, a LCM harvested sample, a 
'^one-dimensional" electrophoretic gel, a '^o-dimensional" electrophoretic gel, a structurally 
transformed saiiq>le, or a combination of two or more ihereof. 

20. The mediod of claim 1, further comprising correlating tbe biomolecoles detected 
on the one or more membranes widi a biological diaracteristic of the sample. 

15 21 . A method of making multiple substantial copies of a biological sample, 

comprising: 

providing a stack of layered membranes, wherein the membranes permit biomolecules 
^plied to the stack to move through a plurality of the membranes, while directly capturing at least a 
portion of the biomolecules on multiple membranes; and 
20 applymg the biological sample to the stack, under conditions that allow the multiple 

membranes to directly c^ture the biomolecules Ixom the sample and form the multiple substantial 
copies of the biological sample, thereby makmg multiple substantial copies of the biological sample. 

22. The method of claim 21, wherein tfie biological sample comprises a nucleic acid, a 
protein, a lipid, a caibohydrate, or a combination or miTCture tiiereof. 
25 23. Ihe m^od of claim 21, wherein die biological sample is selected from die groiq) 

consisting of a tissue section, a tissue microarray, a LCM harvested sample, a ""one-dimensionaT' 
electrophoretic gel, a "^o-dun^ional" electrophoretic gel, a structurally transformed sample, or a 
combmation of two or more thereof. 

24. Themediodof claim21, further comprising detecting one or more biomolecules of 
30 int»^ on at least one of the multiple substantial copies. 

24. Hie method of claim 24, wherein detecting biomolecules of interest comprises 
exposing a phirality of the multiple membranes to at least one detector molecule. 

25. The method of claim 24, wherein the biological sample is a tissue specimen diat is 
placed on die stack of layered membranes, and biomolecules from the tissue ^ecimen are directiy 

35 captured by the layered membranes as the biomolecules from the tissue specimen move dirough Ihe 
multiple membranes. 

26. The mettiod of claim 24, furdier comprising separatmg the multq>le membranes 
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prior to detecting tiie biomolecules of interest 

27. The mediod of claim 24» whocin die biomolecules applied to the stack themselves 
conqirise detectors that are e^qposed to abiological q;)ecimra to be analyzed, and the method fiirther 
comprises e^qiosing one or more of the multq>le mmbranes to the biological specimen mider 

5 conditions that allow the biological spechnen to be analyzed by die detectors. 

28. The method of claim 27, wherein at least one biomolecule of interest on the 
multiple membranes is a nucleic acid molecule, and detecting biomolecules of interest comprises 
exposing the nucleic acid molecules on die multiple membranes to the biological specimen to be 
analyzed, under conditions that allow hybridization between die nucleic acid molecules on the 

10 membranes and nucleic acid molecules in the biological specimen. 

29. A method of creating a set of microarray copies comprising: 
providing a stack of layered membranes; and 

implying a plurality of DNA probes, antibodies, or a combmation thereof, to the stack of 
leered membranes, wherein &e stack of layered membranes comprises a plurality of substrates 
1 5 through which the probes or antibodies move, and m which a portion of the probes or antibodies are 
directly captured by one or more of the substrates. 

30. The method of claim 29, further comprising separating the substrates to provide 
corresponding substrates having a plurality of the DNA probes, antibodies or combination thereof, in 
corresponding positions of each of the substrates. 

20 31. The method of claun 29, wherein applying the plurality of DNA probes, antibodies, 

or combmation thereof is ^plied to the stack from a plate having a plurality of wells each 
contammg a dififerent DNA probe or antibody, and die DNA probes or antibodies are transferred 
from the wells to die stack so as to oreate a set of substantially replicate miax>arrays. 
32. A mediod of analyzing biomolecules in a tissue sample, comprising: 
25 providing at least one membrane; 

positioning the at least one membrane in contact with the tissue sample; 
applying heat and/or pressure to the tissue sample, whereupon biomolecules are transferred 
from the tissue sample onto the at least one membrane; and, 

analyzing die biomolecules on the at least one membrane. 
30 33 . The method of claim 32, wherein the tissue sample is an archival tissue sample, a 

ciyo-preserved tissues ample, a fresh tissue sample, an LCM-harvested tissue sample, or a tissue 
microairay. 

34. The method of claim 32, comprising providing a plurality of membranes and 
further comprisioig analyzmg the biomolecules on two or more of the plurality of membranes. 
35 35. The method of clahn 32, \^erein die membrane is a porous membrane of no more 

than 30 micnms thickness, comprising a core substrate and a coating. 

36. Hie method of claim 35, wherein die core substrate comprises polycarbonate. 
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37. Hie method of claim 35, v^erein the coating comprises nitrocelhilose. 

38. A mediod of replicating biomolecular content of a tissue microairay, comprismg: 
providmg the tissue microarra^ and 

transferring biomolecules fiom the tissue microanay onto a plurality of mmbranes so as to 
5 produce at least one repUcato of the biomolecular contrat of tiie tissue miaroarray. 

39. The method of claim 3 8, wherein transferring biomolecules comprises: 
positioning tiie phuality of membrane in contact with the tissue microanay; and 
applying heat md/or pressure to the tissue microarray, whereupon biomolecules are 

tnmsferred from the tissue microarray onto at least one membrane of tiie plurality of membranes. 
10 40. A method of aiialyzing cellular material embedded on an U3M transfer film 

comprising: 

providing one or more mraibranesi 

positioning the one or more membranes adjacent to tiie LCM transfer film; 
transfming biomolecules from the cellular mat^l to the one or more monbranes; and 
1 5 detecting the biomolecules on the membranes. 

41 . The method of claim 40, wherein transfming biomolecules comprises: 
applying heat and/or pressure to the membranes and/or tiie LCM transfer film, whereupon 

biomolecules are transfeiied from the LCM transfer onto tiie one or more membranes. 

42. A method for analyzing the proteome of a biological sample comprising: 
20 separating at least one protein frx)m anotiier protein present in the biological sample; 

transferring a portion of die separated protein to a phuality of membranes in a stacked 
configuration; 

incubating each of the membranes in the presence of one or more species of predetermined 
ligand molecules under conditions sufficient to permit binding between the separated protein and a 
25 ligand capable of binding to such protein; and 

analyzing the proteome by determining the occurrence of binding between the protein and 
any of the ^>ecies of predeteimined ligand molecules. 

43. The method of claim 42, wherein separating tiie at least one protein from anoth^ 
protein present in &e sample comprises electrophoresis. 

30 44. The method of claim 43, wherein the electrophoresis is two-dimensional gel 

electrophoresis. 

45. The method of claim 42, wherein the sample is obtained from mammalian cells or 

tissue. 

46. Ihe method of claim 45, wherein die mammal is a human. 

35 47. The m^od of claim 42, wherein transferring of a portion of die separated protein 

comprises gel transfer. 

48. The method of claun 42, wherein transferrmg a portion of tiie separated protein 
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compiises contact transfer. 

49. Tlie mefiiod of claim 42, whoein Ae mammalian cells or tissue are hmnan cells or 

tissue. 

50. TTie method of claim 42, vfh&eia the separated protein is a product of a human 

5 g^e. 

51. The method of claim 42, wherem at least one of Ihe species of ligand is selected 
fiom the groiq) consisting of an antiTxxfy, an antibody fiagment. a single chain antibody, a receptor 
protein, a sohibilized receptor derivative, a receptor ligands, a metal ion, a virus, a viral protein, an 
enzyme substrate, a toxin, a toxin candidate, a jAarmacological agent, and a pharmacological agent 

10 candidate. 

52. The method of claim 51, wherein at least one of the species of ligand is an antibody 

or an antibody fragment 

53. The method of claim 5 1, wherein at least one of the species of ligand is a recq>tor 

protein, a sohibilized receptor dmvative, or a receptrar ligand 
15 54. HiemethodofclaimSUwhereinatleasloneofthespeciesofligandisa 

phannacological agent or phaimacolo^cal agent candidate. 

55. The mettiod of claim 51, wherein the bmdmg of at least one of the species of ligand 
is dependent upon the structure of the separated protein. 

56. The method of claim 51, wherein the binding of at least one of the spodcs of Ugand 
20 is dependent upon the biological function of die separated protein. 

57. The method of claim 42, wherein at least one of the membranes is incubated widi 

more than one species of ligand. 

58. The mediod of clahn 42, wherem the phiraUty of membranes comprises at least two 

membranes. 

25 59. The metihiod of claim 58, wherein die phnality of monbranes comprises at least 10 

monbranes. 

60. The mefliod of clann 58, wherem the phurality of membranes comprises at least 20 
membranes. 

61. The metiiod of claim 42, viiiwein the one or more ligand species comprises at least 

30 two ligand ^ecies. 

62. The m^od of clann 61, wherem die one or more ligand species comprises at least 



101 _ 

63. The method of claim 61, wherein die one or more ligand species comprises at least 
20 hgand species. 

35 54. The method ofclaim 42, wherein incubating each ofdie membranes is performed 

before separating at least one protein. 

65. A method for uniquely visualizmg a desired predetmuned protem if presoit in a 
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biological sample, the method comprising: 

separating proteins present in the sample from one anotfier; 

transferring a portion of tiie separated proteins of the sample to a phnality of monbranes in 
a stacked configilration; 

5 incubating each of Ae memlx^es in the presence of one or more species of predetermined 

ligand molecules under conditions sufficient to permit bindii^ between desired predetermined 
inotein and a ligand czq^able of binding to such protein; and 

visualizing any binding between the protein and any of the species of predetermined ligand 
molecules. 

10 66. . A mettiodf<»' identifying biomolecules that have been separated on a solid support, 

die method comprising: 

contactmg a stack of monbranes to the solid support containing the separated biomolecules; 

permitting biomolecules to be transferred from fte solid support to multiple membranes in 
die stack; 

IS separating the membranes from die stack; and 

identifying one or biomolecules transferred to at least one of the membranes. 

67. The method of claim 66, wherein the method is a method for identifying proteins, 
and the biomolecules comprise proteins. 

68. The method of claim 66, wherein the membranes have a high affinity but a low 
20 capacity for at least one class of biomolecule. 

69. The method of claim 67, wherein die mmbranes have a hig^ affinity but a low 
capaxAty for proteins. 

70. The method of clann 66, wherein at least some of the biomolecules are transferred 
to eadi membrane of the stack. 

25 71. The method ofclaim 66, wherem permitting die biomolecules to be transferred 

from the support to multq>le membranes in a stack produces multiple replicate membranes. 

72. The method of claim 66, wherein the biomolecules are separated on a gel. 

73. The method of claim 72, wherein the separation comprises electrophoresis. 

74. The mediod of claim 73, wherein the electrophoresis is SDS PAGE. 

30 75. The method of claim 74, wherein more than 30 micrograms of protein is loaded 

into a well of the geL 

76. The mediod of clahn 75, wherein about 50 to about 100 micrograms of protein are 
loaded mto a weU of die gel. 

77. The method of claim 69, wherein die membranes comprise polycartionate. 

35 78. The mediod ofclaun 69, liWierein die membranes conq>rise a cellulose dmvative. 

79. The method of claim 78, wherein the cellulose derivative is cellulose acetate. 

80. The method of claim 66, wherein the membranes comprise a polyolefin. 
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81. Hie mettiod of claim 66, whrnin Ifae sfadc comprises at least 5 membranes. 

82. The me&od of claim 81, wbefein the stadc comprises at least 10 memlmizies. 

83. Hie method of claim 66, wherein each membrane is less than about 30 micrcHis 



thick. 



5 84. The method of claim 83, wbmin eadi membrane is about 8 to 10 microns thick. - 

85. Hie method of claim 69, wherein at least one side of tiie membranes is treated to 
ittOfease specific binding of proteins. 

86. The method of claim 85, wherein at least one side of the membranes is treated to 
increase specific binding of die proteins or other targeted proteins. 

10 87. The method ofclaim 85, wherein the treatment comprises a coating of 

nitrocellulose. 

88. The method of claim 85, wherein the treatment comprises a coating of poly-L- 

lysine. 

89. The method of claim 66, wherein the membranes are in a firame, the fiame being 
15 mounted to the periphery of the membranes, wherein the fi^e defines a channel for passing fluids 

or air away from the space intermediate the membrane and an adjacent monbrane 

90. A mediod for identifying biomoiecules that have been separated on a solid support 
the method comprising: 

providing a solid support containing the separated biomoiecules wherein the support has an 
20 upper side and a lower side; 

applying a first stack of membranes to the upper side and a second stadc of membranes to 
die lower side; 

permitting tiie biomoiecules to be transfmed from die support to die first and seccmd 
mmbrane stacks; 
25 separating the membranes, and 

identifying one or more biomoiecules transferred to at least one of die membranes. 

91. The mediod of claim 90, wherein die biinnolecules comprise proteins. 

92. A kit comprising: 

a membrane array for detecting biomoiecules in a sample, the array comprising a plurality 
30 of membranes, wherein each of the plurality of membranes has substantially a same affinity for die 
biomoiecules; and 

containers of detector molecules for detecting biomoiecules captured on eadi membrane. 

93. The kit of clahn 92, wherein die detector molecules are antibodies or probes. 

94. The kit accordmg to claim 92 wherein the membranes coiq)rise a polymer 
35 substrate coated widi a material for mcreasing an afGnity of die substrate to the biomoiecules. 

95 . Hie kit according to claim 94 wherein die coating material conq;)rises 
nitrocellulose. 
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96. Hie kit according to claim 93, whmin the antibodies or probes are specific captxae 
molecules for biomolecules sought to be detected on particular membranes of the airay. 

97. Tlie kit acconiing to claim 96 wherein eadi container contains an a^ 

and eadi antibo^ cocktail comprises at least two antibodies widi different binding specificity. 
5 98. The kit according to claim 92 wherein die plurality ofm^ntsanes has a low 

capacity for the biomolecules. 

99 . The kit according to clahn 92 wherein die plurality of meml»ranes eadi have a 
thickness of less than about 30 microns. 

100. The kit according to claim 99, wherein the phuality of membranes comprise a core 
10 substrate comprising polycarbonate, and a coating comprising nitrocellulose. 

101. A kit for comparing the molecular profiles oftissue samples, comprising: 
at least one tissue microanay; and 

at least one replicate of the tissue microarray . 

102. The kit of claim 101, wherein die at least one replicate of the tissue microarray was 
IS produced using die mediod of claim 38. 

103. A kit for replicating apattem of biomolecules from a tissue sample, comprising: 
a plurality of membranes, each having a coating oil its upper and/or lower surfiices to 

increase specific binding of a target biomolecule; 
a quantity of transfer buffer; and 
20 a fluid impervious enclosure. 

104. The kit of claim 103, furdier comprising instructions for carrying out the mediod of 
claun 32. 

105. A kit for anatyzing a proteome comprising: 

a plurality of membranes, each having a afBnity foar at least one protein; and 
25 a plurality of reagent species, eadi adapted to detect one (xr more specific proteins bound to 

die membranes. 

106. Ihe kit of claim 105, fiudier comprising instructions setting forth die particular 
groups of reagents to be s^Iied to each of the membranes. 

107. The kit of claim 104, wherein the membranes comprise a porous substrate having a 
30 thickness of less than about 30 microns. 

108. The kit of claim 107, wherein the membranes are polycabonate membranes, coated 
with a material for increasing the afGnity of the membrane to biomolecules. 

109. The kit of claim 108, wherein die membranes are coated with nitrocellulose. 

110. The kit according to claim 105 wherein the reagent species are selected fix>m the 
35 group consisting of an antibody, an antibody fiagment, a single cham antibody, a receptor protein, a 

solubilized receptor derivative, a rec^tor Hgands, a metal ion, a virus, a viral protein, an eiu^e 
substrate, a toxin, a toxin candidate, a pharmacological agent, and a pharmacological agent 
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candidate. 

111. A kit for uniquefy visuaHziiig a desired predetennined protein if present in a 
biological sample, cmnprising: 

a phiFBlity of membranes, eadi having a specific affinity for at least one protein, and 
5 a phnalily of reagent qsecies, each adapted to detect the desired predetermined protein if 

bound to tiie membranes. 

1 12. A membrane unit for blotting comprising: 

a stadc of at least two porous membranes having a thickness no greats than about 30 
microns; and 

* 10 a fiame, mounted to the membranes, fte frame a having a thickness no greats than ab^ 

300 microns. 

113. The membrane unit of claim 112, wherein fbid unit comprises more than two 
membranes. , 

114. ' Ilie membrane unit of claim 112, wherein tiie unit comprises a firame, mounted to 
15 ihe periphery of fhe membranes, wherein die fiame defines a diannel for passing fiuids or mr away 

fiiom the space intermediate the membrane and an adjacent membrane. 

115. The membrane unit of claim 1 12, wherein the membranes have a high afiOnity but a 
low capacity for proteins. 

116. Hie membrane unit of claim 1 1 5, wherein the membranes comprise polycarbonate. 
20 117. Ihe membrane unit of claun 1 15, wherein the membranes comprise a cellulose 

derivative. 

118. The membrane unit of claim 117, wherein tiie cellulose derivative is cellulose 



119. Hie membrane unit of clann 1 15, wherein tiie membranes comprise a polyolefin. 
25 120. llie membrane unit of claim 112, wherein the stack comprises at least 5 

membranes. 

121 . The membrane unit of claim 120, wherem the stack comprises at least 10 
membranes. 

122. The membrane unit of claim 112, wherein ^e thickness of the membranes is less 
30 than about 30 microns. 

123 . The membrane unit of claim 122, wherem the thickness of the membrane is about 8 
to 10 microns. 

124. The membrane unit of claim 112, wherein at least one side of flie membranes is 
treated to increase specific binding of a biomoleciile. 

35 125. The membrane unit of claim 1 15, wherein at least one side of the membranes is 

treated to increase specific bindmg of the proteins or other targeted proteins. 

126. Tbe membrane unit of claim 125, wherein tiie treatment comprises a coating of 
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ose. 

27. Hie membrane unit of claim 1 15, wherein the treatment conq)iises a coating of 
;ine. 

28. A membrane for use in the membrane unit of claim 1 12. 

29. The membrane of claim 128, wherem at least one side of ^e membranes is treated 
i specific binding of a targeted biomolecule. 

30. A porous memt»ane having a high afOnity but low capacity for biomolecules, the 
: comprising a core substrate and a coating, wherein flie membrane has a tiiickness of no 
about 30 microns. 

31. The membrane of claim 130, wherein the core substrate comprises pofycaibonate, 
icetate, a polyolefin, or combinations of two or more thereof. 

32. The membrane of claim 130, wherein ike coating comprises nitrocellulose, po]y-L- 
(nixtures tho^of. 

33. The membrane of claim 130, wherein the core substrate comprises polycarbonate 
ating comprises nitrocellulose. 

34. The membrane of claim 130, wherein the membrane has a thickness of about 8-10 
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FIGURE 27 




wo 02/48674 



PCT/nSOl/44009 




Pi 





FIGURE 28 



Tissue after transfer 



Layer #1 

Layer #2 

Layer #3 

Layer #4 
Layer #5 

Layer #6 

Layer #7 
Layer #8 

Layer #9 
Layer #10 

Layer #1 1 

Layer #1 2 
Layer #1 3 
Layer #14 



17/25 



f 





Anti-GAPDH 

Anti-Rsk 

Anti-Stat5a 

AntMFNalpha 

Anti-RARalpha 

Anti-EGFR 
phospho 

Anti-EGFR 
non-phospho 

Anti-NRI 
Anti-Stati 

Control 

Anti-Rb 

Anti-Jaki 
Anti-Tubulin 
Anti-beta actin 



Ponceau S staining 




19 



r 

r 



W 



Antl-GAPDH 



Nitrocellulose TRAP 



BLOT-FastStain 



wo 02/48674 



PCT/DSOl/44009 




FIGl]R£30 



H&E staining 

Mdanoma 
Brain CA 



Keratin 



PSA 



p53 



p300 



ColonCA!^J||J 

Prostate CAiriStl^" 

LiingCA|y||||gai$ 
Breast CA^SglJg^ I 




'••-■V•'l^i^• 




wo 02/48674 

FIGURE 31 



Layer 1 



Layer 2 



Layers 



Layer 4 



Layers 



TRAP 



PCTAJSOl/44009 



19/25 



Total protein Distribution 
staining of cytolceratin 





wo 02/48674 



PCT/DSOl/44009 






N 
CO 

Ul 

O 
li- 




wo 02/48674 



PCT/USOl/44009 



FIGURE 33 



Layer #1 



21/25 

Anti-Rsk Anti-p300 



Layer #2 



Layer #3 



Layer #4 



Layer #5 



Layer #6 



Layer #7 








vm 




li 








W 




IP 






Protein Trap 



^^^^^^^ 

































wo 02/48674 PCTAJSOl/44009 

22/25 

FIGURE 34 




Layer #2 



Layer #3 



Layer #4 



Layer # 5 




wo 02/48674 



PCTAISOl/44009 



23/25 



FIGURE 35 



•1 >■ 



vx or 




.. . .... . . , ; , - . ^ , . ^- 



r-.lf.;.-. -v. 



Layer #1 
Anti-Rel Ab 



Layer #2 
Anti-CREB Ab 



Layer #5 
DNA"^ trap 





TOP OF THE GEL 


High MW 


molecules 




1 Rel+CREB'H>N>^2 




1 Rel+ON>^^ 




FREE DMA"* 


LowMW 


molecules 




BOTTOM OF THE GEL 




60 BO 100 

|xg of protein/lane 



♦ 40 kDa and less 

■ 40-BOIcDa 

. lOOkDa and over 

Linear (40 kDa and less) 

Linear (40-80 kOa) 

Linear (100 kDa and over) 



120 



wo 02/48674 



PCT/nSOl/44009 



24/25 



FIGURE 37 



Layer #2 
Layer #3 
Layer #4 

Layer #5 
Layer #6 
Layer #7 

Layer #1-7 





'"--■Mi"l;;;iL'-.' . 




1 



EGFR-Abl 



EGFR-Ah2 



Phospho-EGFR 
Abl 

Pimspho-EGFR 
Ab2 




Myc-Abl 



Myc-Ab2 



Phospfao-Myc 



HabQliii, alpha 



wo 02/48674 



PCT/USOiy44009 



25/25 




wo 02/48674 



PCT/DS0iy44009 



SEQUENCE LISTING 

<110> 20/20 GENE. SYSTEMS, INC. 

THE GOVERNMENT OF THE UNITED STATES OF AMERICA, AS REPRESENTED BY THE 
SECRETARY, DEPARTMENT OF HEALTH & HUMAN SERVICES, THE NATIONAL INSTITUTES OF 
HEALTH 

KNEZEVIC, Vladimir 
EMMERT-BUCK, Michael R. 
BAIBAKOVA, Galina 
HARTMANN, Dan-Paul 
HEWITT, Stephen 
MITCHELL, Capre 
GARDNER, Kevin 

<120> METHODS, DEVICES, ARRAYS AND KITS FOR DETECTING AND ANALYZING 
BIOMOLECULES 

<130> 6457-61282 

<150> US 09/753,574 
<151> 2000-01-04 

<150> 09/718,990 
<151> 2000-11-20 

<150> PCT/USOO/20354 
<151> 2000-07-26 

<150> 60/145,613 
<151> 1999-07-26 

<150> 60/286,258 
<151> 2001-04-25 

<150> 60/304,031 
<151> 2001-07-09 

<150> 60/296,475 
<151> 2001-06-08 

<160> 1 

<170> Patentin version 3.1 

<210> 1 

<211> 43 

<212> DNA 

<213> Artificial sequence 
<220> 

<223> Synthetic oligonucleotide 

<400> 1 

tcgacctctt ctgatgactc tttggaattt ctttaaaccc cca 43 



1 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images witliin tliis document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 
q^lack borders 

□ image cut off at top, bottom or sides 

□ faded text or drawing 
□Burred or illegible text or drawing 

□ skewed/slanted images 

□ COLOR OR black AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

CBIJnES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: . 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



